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ABSTRACT 
Large floodpla in  r ivers are among the most compl ex natural systems characterized by 
exchange between the r iver and its floodpla in. I nformat ion regarding fishes in main channel 
hab i tats i s  abundant, however m uch less  understan ding extends i nto the i r  tri butar ies .  Tr ibutar ies 
of large r ivers provide  cr it ical habitats for main channel fishes, important for foraging, spawning, 
and refuge. In add it ion to nat ive d ivers ity, l arge r ivers are host to mult ip le exot ic  species  
invas i ons, threaten ing b iod ivers i ty, ecosystem funct ion, and habi tat quality. Two notori ous  
i nvaders are S i lver Carp (Hypophthalmichthys molitr ix) and B i ghead Carp (H nobi lis), 
co l lect ive ly As ian Carp, presenting an imm inent threat of invasion  to the Great Lakes .  
Reproduct ion in l entic systems such as the Great Lakes is  unl ikely, however, a knowledge gap 
remains regarding  thei r  use of smal l  r ivers and tri b utar ies,  a large network of which i s  assoc iated 
with the Great Lakes .  Th i s  study sought to quantify i nvasive As ian Carp populat ion 
characteri st ics  and reproductive abi l i t ies  in tri butaries of the I l l ino i s  R iver, a h ighly i nvaded 
system arti fic ia l ly  connected to Lake M ichi gan. To accompl i sh thi s, I sampled five I l l ino i s  R iver 
tri b utar ies: Sal t  Creek, the M ackinaw, Kankakee, Sangamon, and Spoon Rivers during 2013 -
20 1 4  for l arval fi s h  and adult As ian Carp, a s  wel l  a s  the I l l inoi s  R iver main channe l .  I compared 
rel at ive density, s ize structure, relat ive weight, reproduct ive condi t ion, age structure, m ortal ity, 
and growth of As ian Carp among the I ll ino i s  R iver and its tri butar ies .  Relat ively h i gh 
abundances of S i lver Carp were encountered i n  the main channe l  and  al l  tri b utar ies  sampled 
except for the Kankakee River. S i lver carp were found to temporal ly  i ncrease i n  size and age, but 
no d ifferences were observed in cond i t ion. Reproduct ive condit ion of S i lver Carp followed 
temporal hydrography, w ith peaks in gonad ful lness and stage fo l lowing  peaks in discharge. In 
add i t ion to adu lt populat ion dynamics, I also examined spat ia l  and temporal d istributions, 
community assemblages, and s ize structure of eggs and larval fish. Peak abundances of eggs and 
larval fish fo l lowed peaks i n  d i scharge dur ing M ay-June i n  each tri butary, ind icating that the fish 
i n  these systems are behaving l i ke fluvia l  specia l i sts in terms of spawning act iv ity. Ten d ifferent 
fam i l i es  were sam pled; c lupe ids  and cyprin i d s  were the most abundant taxa. S igni ficant temporal 
and spat ia l  effects (p < 0.0 5 )  of communi ty assemb lages were dr iven b y  secchi depth and water 
temperature, respect ive ly. Post gas b ladder emergent l arvae of As ian Carp species  were sam p led  
in  h igh abundance i n  the  S poon and Mackinaw Rivers, representi ng  over 8 0% of our sample. 
As ian Carp were first sampled  in late M ay with peak densit ies in J uly. My study suggests Ill i no i s  
R iver tr ib utar ies  are important hab itats for ear ly  l i fe  stages o f  m u lt ipl e  fi s h  spec ies  and contri b ute 
to the d ivers ity of fishes in the main  channe l  hab itats. Understand ing populat ion character ist ics  
of As ian Carps and l arval fi sh comm unity dynam ics  i n  smal l North American r ivers he lp s  br idge 
the knowledge gap and advance future efforts for the control of these species. 
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XII 
INTRODUCTION 
Predat ing European sett lem ent of North America, humans have transferred species 
beyond the i r  nat ive ranges. As geograph ical i so lat ion continues to be  d im in i shed by human 
influence, the rate of exoti c  species  i ntroduction continues to increase (Courtenay 2007) .  
Re lat ive ly  few of these i ntroduct ions become establ i shed, but the populat ions that pers i st 
have the potentia l  to negative ly i nfluence nat ive ecosystems. These de leter ious species  are 
known as "bio logical  invaders" or i nvasive spec ies. The introduction of non-nat ive species  to 
a nove l  environment can have detr imental effects on native populat ions such as competit ion, 
exclu s ion ,  d i sp lacement, hybr idization, and predat ion (Mooney and C lel an d  2 00 1 ). These 
effects can have economic  i mpacts as wel l, w ith invasive species  costing nat ive systems up 
to $120 b i l l ion  in dam ages per year (Pi mental et al . 2005) .  Evaluating these i mpacts on 
nat ive systems remains of utmost importance for managers. 
S uccessful b i o logical  i nvaders often possess a suite of traits whi ch contri bute to thei r  
success. S ome  of the attri butes that contr ibute to  the  spread of successfu l  i nvaders are broad 
envi ronmental to lerances,  w i de d i stribution, short generat ion t imes,  h igh growth rates, h igh 
fecundity, and h i gh rates of d ispersal (Ricc iardi 20 1 5 ). Humans faci l i tate these i ntroduct ions 
by rai s i ng non-nat ive species for consumption, aquar ia, or b io logical contro l s  (e.g. a lgae 
contro l in wastewater ponds), through industria l  transportat ion (e.g. barge ba l l ast, accidental 
veh ic l e  transport) ,  e lim inat ing natural barr iers and thus increasing  connect ivi ty of hab itats 
( e .g. cana l s connect ing freshwater bod ies), and d isturbance of hab itats (Courtenay 2007). 
Invas ive spec ies  often tend to be  d i sturbance-driven species ,  rap id ly  colonizing d i sturbed 
areas and d i sp lac ing less  tol erant nat ive species (Ricc iardi  20 1 5 ). The increasing l eve l s  of 
anthropogenic  d i sturbance has great ly faci l i tated the spread of invasive species worldwide .  
1 
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It has been est imated that about 5 0,000 non-native species  have been i ntroduced to 
the Un ited States alone ( P imental et al. 2005 ) .  F ishes are no except ion to thi s ;  i t  has been 
suggested more than 500  non-nat ive fish taxa have been i ntro duced to U.S. in land  waters 
s ince the ear ly  1 800s  (Nico and F u l l e r  1 999) .  The world's l argest freshwater resource, the 
Laurent ian Great Lakes, has been host to m u lt iple introductions of non-nat ive spec ies ,  some 
of whi ch may have a ided ecological detr iment . Introductions such as the Sea Lamprey 
(Petromyzon marinus), Common Carp (Cyprinus carpio), and Zebra Musse l s  (Dreissena 
polymorpha) have been the source of  maj or economic  and ecological detr iment to the Great 
Lakes b y  e ither competing with, or preying upon, nat ive species (Mi l l s  et al. 1994) .  As ian 
Carp of the genu s  Hypophthalmichthys are among the most recent and notorious  threats to 
the Great Lakes (Moy et al. 20 1 1 ). 
The term As ian Carp refers to two species  S i lver (Hypophthalmichthys molitrix) and 
B ighead Carps (H. nobilis), exc luding other species  of carp nat ive to Asia :  Grass C arp 
(Ctenopharyngodon idella), B lack Carp (Mylopharyngodon piceus), and Common Carp 
(Cyprinus carpio) (Ch ick and Pegg 200 1 ). As ian Carp are endemic  to Eastern As ia  and have 
been e ither cultured or introduced around the world (Kolar et al . 2005) .  I n  their nat ive range, 
As ian Carp inhab it r ivers, l akes, and reservoirs (Kolar et al . 2005 ; Jenni ngs 1 98 8) .  These 
carp were i ntroduced to North America in the ear ly  1 970s for phytoplankton control in 
aqu aculture ponds and wastewater treatment faci lit ies in  the M idwestern U nited States 
(Freeze and Henderson 1 982). Subsequent flooding events a l lowed Asian Carp to escape into 
the Miss i s s ipp i  R iver bas in, w ith reproducing populat ions occurring thereafter, severely 
i mpact ing the newly invaded system ( W il l iamson and Garvey 2005). 
2 
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S i lver and B i ghead Carps are fi lter-feeding f ishes i n  the fami l y  Cypr in idae, the 
largest fam i ly of freshwater fi shes  in the world (Winfie l d  and Nelson 1 99 1  ) . B oth species  of 
As ian Carp are opportun i st ic  p lanktivores, feeding on a variety of p lankton and algae species.  
B ighead Carp are pr imar i l y  zooplanktivores, whereas S i lver Carp are primar i ly  
phytop lankt ivores, exhi b it ing an abi l i ty to  fi lter smal ler part ic les than B ighead Carp 
(Sampson et al. 2009; Kolar et al. 2005;  Jennings 1 98 8).  These two carps are vorac ious 
feeders, and have been shown to alter natural p lankton communit ies i n  invaded systems (Sass  
et  a l. 20 1 4  ). Thi s  impact has the potentia l  to affect the food web at  its lowest leve l ,  by 
affecti ng the  recru itment of ear ly  l ife stages of fish that depend on plankton for nourishment 
(Dettmers et al. 200 1 ) . Stud ies  suggest thi s  feeding strategy puts As ian Carp in competit ion 
w ith nat ive North American p lankt ivores such as G izzard S had (Dorosoma cepedianum), 
B i gmouth B uffalo (Jctiobus cyrinus), and Paddlefish (Polyodon spathula), lead ing to reduced 
cond it ion of nat ive p lanktivores fo l lowing the establ ishment of As ian Carp populat ions 
( Iron s  et al. 2007; Sampson et al. 2009).  These h igh ly  effici ent feeding strategi e s  have 
contr ibuted to the successful invas ion  in the M i ss i s s ippi R iver system by these ind iv iduals. 
As ian Carp spawn pro l i fica l ly  both in the i r  nat ive range and in  i ntroduced areas . The 
potent ia l  to rel ease over half a m i l l ion eggs per spawning event, in  some cases multiple t imes 
per year (Abdusamadov 1 98 7; Garvey 2006), contr ibutes to h igh fecundity of these fish. 
S exual maturity i s  reached at three to four years of age, depend ing on env ironmental 
condit ions (Abdusamadov 1 98 7).  Peak spawning occurs in the spr ing and early summer 
associated with spring flooding events, however, Asian Carp can reproduce multiple t imes 
per year, i f  cond it ions al low (Kolar et a l .  2005 ; Garcia  et al.  20 1 3 ) .  Spawning occurs near the 
s urface in  flows h i gh enough to keep the semi -buoyant eggs suspended unt i l  hatch 
��� -- --- - -- --- ----------
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(Abd usamadov 1 98 7; Pfl ieger 1 997). Pr ior  to spawni ng, As ian Carp have been shown to 
engage i n  upstream m i grat ions to spawning s ites, stud ies  have suggested that they can move 
over 60  km (DeGrandchamp et a l .  2008), somet imes  to d i screte spawning s ites (Kolar et al. 
2005 ). S everal specific environmental requ i rements have been shown to characterize As ian 
Carp spawning  success: long stretches of un impeded flow, water temperatures above l 7°C, 
increased ve loc i t ies ,  turbi d i ty, and water leve ls  associ ated with spring and summer flood 
events (Abdusamadov 1 9 8 7) .  These requirements make As ian Carp unab l e  to reproduce in 
lent ic systems (Kol ar et  a l .  2005;  Jennings 1 98 8) .  
One of the U nited States' greatest freshwater resources, the Laurenti an Great Lakes, 
is at the forefront of As ian Carp i nvasi on. These fish have been very successfu l  i nvading our 
nation's l arge r iver systems ,  given their  h i gh degree of d i spersal, resource consumption,  and 
i ncredi b le fecundity; however, thei r  potenti al for reproduct ion w ith in  the Great Lakes i s  
l i mited. Therefore, i t  becomes important to i dentify areas that would sat i sfy the 
envi ronmental requ i rements needed by As ian Carp to reproduce w ithin  the Great Lakes .  
Whi le the Great Lakes themselves may be  unsuitable for As ian Carp reproduction, the 
assoc iated network of tri b utar ies  may provide  appropri ate spawning hab itat. S im i l ar to the 
tri butary-targeted management efforts against Sea Lampreys with in  the Great Lakes (Chr i st i e  
and Goddard 2003) ,  tri butar ies  may be  locat ions for targeted m anagement of As ian Carp 
fol l owing thei r  invasi on. 
Object ives 
A major tri butary of Lake Mich igan, the Illino i s  R iver, i s  h i gh ly  stud ied  w ith regards 
to As ian Carp (Ch ick and Pegg 200 l ;  Degrandchamp et al. 2008; Irons et al. 2007; S ampson 
et a l . 2009; Stuck et al. 20 1 5 ) ,  but its tri b utar ies remain unstud ied .  Thi s  work a im s  to breach 
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thi s  gap b y  studying As ian Carp and the i r  reproduct ive abi l it ies  withi n  tributaries of the 
I l l i no i s  River. I want to ach i eve the fol l owing object ives : ( 1 )  analyze popul at ion 
character i st ics  of  As ian Carp with i n  tri butar ies of the I l l ino i s  R iver, (2)  d etermine 
reproductive capab i l it ies  of As ian Carp i n  tributar ies, and (3)  estimate the larval fish 
commun it ies  with i n  these tri butar ies  and the effect invasive As ian Carp have on assemb lage 
structure. Thi s  research becomes not only important for management w ithin  the Il l ino i s  River 
system, but on a broader scale as a surrogate of spawni ng areas with i n  the Great Lakes .  
Study Area 
The I l li no i s  River is an area of h igh As ian Carp abundance (Baerwaldt 20 1 3 ;  Sass et 
al. 20 1 0 ; C hick and Pegg 200 1 ), formed  by the confluence of the Kankakee and Des Plaines 
R ivers and connects the M i s s is s ippi River system to the Great Lakes via Lake Michigan. The 
Ch icago R iver was redi rected i n  1 900  and connected to the Des P laines River by the Ch icago 
San itary and Sh i p  Canal (CS SC), effective ly  l inking the Miss i s s ippi R iver to Lake Mich igan 
for transportat ion  and wastewater removal (Moy et a l . 20 1 1 ) . The I ll ino i s  R iver i s  dammed i n  
five p l aces from its orig in  t o  i t s  confluence with the Miss i s s ippi ,  forming s i x  reaches more 
characteri st i c  of  s low moving lakes than a free flowing r iver, forming a h ighl y  d i sturbed 
hab i tat (M i l l s  et al . 1 966). As ian Carp were first d etected in the I l l ino i s  River in 1 995  
(McCle l land e t  al. 2 0 1 2) . Establ ishment of  Asian Carp in  Lake Mich igan cou l d  have 
catastrophi c  effects, potent ia l ly i mpacting commercia l  and recreat ional industry worth 
around  seven b i ll i on  dol lars (ASA 2008 ). To prevent As ian Carp i ntroduct ion to Lake 
Mich igan, two e lectr ic  barr iers have been implemented in the Chicago S anitary and Sh ip 
Canal. 
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F ive tri butar ies  of  the I ll i no i s  R iver were se lected for thi s  study: the Kankakee R iver, 
Mackinaw R iver, Spoon R iver, Sangamon River, and Salt Creek, a tr ibutary of the Sangamon 
River .  The Kankakee R iver or ig inates  in Ind iana, where it has been channel ized , and retains 
its natura l  meander for about 1 00 km with in  Illino i s ,  where i t  is dammed in  four p laces, 
drain ing  5617 km2, support ing 89  species of fish (Page et al. 1 992) . The Mackinaw River 
flows for 209 km in I ll ino i s, drain ing an area of 2 942 km2, most of which i s  agricultural 
drainage . It features a h i gh ly  var iab l e  seasonal water load and supports 80 species  of fish .  
The Mackinaw i s  an un impounded pr inc ip le tri butary of the I l l ino i s  and jo ins  i t  near Pekin, 
I L  (Page et al .  1992).  Another agr icultural pr inciple tri butary is the Spoon R iver, 2 5 9  km 
long, drain ing  4804 km2, jo ining the I l l ino i s  River adj acent to Havana, I L .  Thi s  r iver features 
high turbid ity, one low head dam, a fair ly  consi stent water l oad, and supports approximate ly 
66 fish species (Page et al. 1 992) . The Sangamon R iver i s  the l argest tri butary i n  thi s  study, 
flowing 396 km and drain ing 1 4,03 5 km2, much of central I l l inoi s '  agricultural drainage. The 
Sangamon is impounded in m u lt ip le  locat ions, features a h igh ly  turbi d  water load, and 
supports approx imately 89 fish spec ies .  The Sangamon has been d iverted to jo in  the I l l ino i s  
R iver i n  Muscooten B ay near B eardstown, IL ,  about 1 4  ki lometers south of i t s  natural 
confluence. Sa lt Creek is a secondary tr ibutary of the I l l inoi s  River and a maj or tri butary of 
the Sangamon River.  Salt Creek flows approximately 1 80 km, is dammed to form C l inton 
Lake, and is channel ized, characterized by a sandy substrate throughout the river (Page et al. 
1 992) .  A l l  tri butar ies exc luding the Kankakee R iver have records of As ian Carp. 
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POPULATI ON C HARACTERISTICS OF ASI AN CARP IN THE I LL INO I S  R IVER AND 
ITS TRI BU TA RI E S  
ABSTRACT 
Invasive speci e s  introduct ions threaten nat ive b iod iversi ty, ecosystem funct ion ,  and 
habi tat q ua l ity worldwide .  Two notorious invaders are S i lver Carp (Hypophthalmichthys 
molitrix) and B i ghead Carp (H nobilis), col l ective ly As ian Carp, threaten ing i nvasion of the 
Great L akes .  Reproduct ion in l ent ic  systems such as the Great Lakes i s  un l ikely, however, a 
knowledge gap remains regard ing the i r  use of smal l  r ivers and tri butar ies, a l arge network of 
which i s  assoc iated w ith the  Great Lakes .  I examined populat ion character ist ics  of As ian 
Carp i n  tri butar ies  of the I l l inoi s  R iver, a h igh ly  i nvaded system art ific ial l y  connected to 
Lake Mich i gan . I compared rel at ive density, s ize structure, condit ion, reproductive con d it ion,  
age structure, m orta l ity, and growth among the I l l i no i s  River and five of its tributar ies :  Salt  
Creek, the Mackinaw, Kankakee, Sangamon, and Spoon R ivers during 2 0 1 1 -20 1 4 . Relat ive ly 
h igh abundances of S i lver Carp were encountered in the main  channe l  and tributar ies ,  w ith 
none sampled  in the Kankakee R iver. S i lver carp were found to tempora l ly  i ncrease in  s ize 
and age, but no d i fferences were observed in cond it ion . Mortal ity and growth were h igher i n  
tri butary-caught carp compared to the main chan ne l .  Reproductive cond i t ion o f  S i lver Carp 
fol lowed temporal hydrography, w ith peaks in gonad ful l ness and stage following peaks i n  
d i scharge . Demograph ic  d ifferences among the main channel  and tributar ies  l i ke ly sterns 
from i ntra-speci fic compet it ion,  n utr ient abundance, and d ifferences in hydrology among 
systems .  Understand ing populat ion characteri st ics  of As ian Carp in  smal l North American 
r ivers he lps  br idge the knowledge gap and advance future efforts for the control of these 
invasives .  
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INTRODUCTION 
M ore than 500  non-native fish taxa have been i ntroduced to U . S .  in lan d  waters s ince 
the ear ly  1 800s  (Nico and Fu l ler 1 999)  and the world ' s  l argest freshwater resource, the 
Laurenti an Great Lakes, has been no exception ,  hosting mult ip l e  i ntroductions of non-nat ive 
species ,  some of whi ch may have caused ecological  catastrophe .  Introduct ions such as the 
Sea Lamprey (Petromyzon marinus), Common Carp (Cyprinus carpio), and Zebra Mussel s  
(Dreissena polymorpha) have been the source of major economic  and ecological detr iment to 
the Great Lakes by e ither competing with, or preying upon, native spec ies  ( Mi l l s  et a l . 1 994 ) . 
Asian Carp of the genus  Hypophthalmichthys are among the most recent and notorious 
threats to the Great Lakes ( Moy et a l . 20 1 1 ) .  These carp were i ntroduced to North America in 
the ear ly  1 970s  for phytop lankton control in  aquaculture ponds and wastewater treatment 
faci l i t i es  in the M idwestern United States ,  subsequently  escap ing i nto nearby rivers during 
floodi ng events (Freeze and Henderson 1 982) .  B oth species of As ian Carp are opportuni st ic  
p lankt ivores, feed ing on a variety of p lankton and algae species  w ith potentia l  for 
compet i t ion w ith native North American p l anktivores such as  G izzard Shad (Dorosoma 
cepedianum), B i gmouth Buffalo (Ictiobus cyrinus), and Paddlefish (Polyodon spathula) 
( I rons et a l . 2007 ;  Sampson et a l .  2009) .  As ian Carp spawn pro l ifical l y  both in their  native 
range and in i ntroduced areas .  The potent ia l  to release over half a m i l l ion eggs per spawning 
event, i n  some cases mult ip le  t imes  per  year (Abdusamadov 1 98 7) ,  makes these fish h igh ly 
fecund i nd iv iduals .  Peak spawning occurs i n  the spring and early summer associated with 
spr ing flood ing events, however, As ian Carp can reproduce mult ip le  t imes per year, as 
cond it ions a l low (Kolar et a l .  2005 ; Garcia  et a l .  20 1 3 ) .  Spawning occurs near the surface in 
flows h i gh enough to keep the semi -buoyant eggs suspended unt i l hatch (Abdusamadov 
1 1  
1 987 ;  Pfl ieger 1 997 ) .  Pr ior to spawni ng, As ian Carp have been shown to engage i n  upstream 
m i grat ions  to spawning s ites, studies  have suggested that they can move over 60 km 
(DeGrandchamp et a l .  2008) ,  somet imes to d i screte spawning s ites (Kolar et a l . 2005 ) .  
Several specific  env i ronmental requ i rements have been shown t o  characterize As ian Carp 
spawning success :  long stretches of un impeded flow, water temperatures above l 7°C, 
increased ve loc i t ies, turbi di ty, and water levels associ ated with spring and summer flood 
events (Abdusamadov 1 987) .  These requ irements make As ian Carp unab le  to reproduce i n  
lent ic  systems (Ko lar et a l .  2005 ; J enni ngs 1 988 ) ,  and i t  i s  unknown i f  they can spawn 
successful l y  in shorter r ivers typified by tributar ies  of  maj or r ivers .  
The I l l ino i s  R iver has an art ific ia l  and d irect l ink between the h i gh ly  i nvaded 
M i ss i ss i pp i  R iver system and Lake M ich igan, putt ing the Great Lakes at the l eading edge of 
the invas i on by As ian Carp . These fish have been very successful i nvading the United States '  
l arge r iver systems, g iven the i r  h i gh degree of d ispersal , resource consumption, and 
i ncredi b le fecundity; however, thei r  potenti a l  for reproduct ion with i n  the Great Lakes i s  
l im ited g iven thei r  spec i fic envi ronmental spawni ng requ i rements (Kolar et a l .  2005 ) .  Whi l e  
As ian Carp reproduct ion with i n  the  Great Lakes i s  unl ikely, an  invas ion means access to the 
network of tri b utar ies  suitab l e  for the estab l ishment of reproducing popul at ions  (Kocovsky et 
al. 20 1 2 ) .  Therefore, i t  becomes important to i dent ify areas that woul d  sat i sfy the 
env i ronmental requ irements needed by As ian Carp to reproduce with in  these areas. In Lake 
M ich igan, there are at l east seven tributar ies  w ith long stretches of unimpounded flowing 
water, making these areas hydrau l i cal l y suitab le  for As ian Carp reproduct ion (Kolar et a l .  
2005 ) .  I t  i s  these tributar ies  that targeted management should be focused, s im i l ar to  the 
efforts for  the contro l of i nvas ive lot ic-reproducing fish, such as Sea Lamprey, with i n  the 
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Great Lakes (Chri sti e  and Goddard 2003 ) .  S ince the estab l ishment of As ian Carp i n  North 
America, m u lt ip le  stud ies  have focused on their i nvas ion and impacts on l arge r ivers such as 
the M is s i s s i pp i  (Wi ll i amson and Garvey 2005) ,  M i s souri (Papou l i as et a l . 2006) ,  and I l l inoi s  
R iver (Irons et al. 20 1 1  ) . H owever, re l at ive ly fewer studies focus o n  As ian Carp in  smal l er 
r ivers and tri butar ies of l arge r ivers ( Hayer et a l .  2 0 1 4) ,  although these r ivers remain suitab le  
for As ian Carp co lon ization  (Kocovsky et  a l .  20 1 2) .  The I l l i no i s  R iver i s  h ighl y  studi ed  w ith 
regards to As ian Carp (Chick and Pegg 200 1 ;  Degrandchamp et al. 2008 ;  Irons et al. 2007 ;  
Sampson et  a l .  2009 ;  Stuck et  a l . 20 1 5) ,  but  no  stud ies  focus  exp l i ci t ly  on As ian Carp in  i t s  
tri butar ies .  
G iven the speci fic envi ronmental con d it ions req uired by As ian Carp for spawning 
and recruitment, it  i s  important to i denti fy  reproductive abi l it ies  i n  smal l r ivers. Thi s  study 
becomes essential to ident i fy management potentia l  for areas of special  concern, notabl y  the 
Laurent ian Great Lakes, at the forefront of the As ian Carp invas ion .  B ecause of the paucity 
of information regard ing As ian Carp i n  tributary systems, I sought to examine populat ion 
character ist ics of As ian Carp in the I l l i no i s  R iver and its tributar ies .  By comparing As ian 
Carp demograph ics  between the main channe l  and associated tributar ies ,  I tested the 
fo l lowing nu l l  hypotheses :  I )  there i s  no d ifference i n  As ian Carp populat ion character i st ics 
among the I l l i no i s  R iver and its tri b utaries, 2)  there is  no d i fference i n  populat ion 
character i st ics  among tri butar ies ,  and 3)  there are no d ifferences in  populat ion characteri sti c s  
among the  years samp led .  Thi s  study lays the  groundwork for future work cons idering As ian 
Carp populat ion character i st ics  and reproduct ive requ irements i n  tributaries of l arge r ivers 
and the Great Lakes .  
1 3  
M ETHODS 
Study Area 
Four tri butaries  of the I l l ino i s  R iver were sampled annual l y  (20 1 3 -20 1 4) inc lud ing 
the Spoon, Sangamon, M ackinaw, and Kankakee R ivers, in the second year Salt  Creek, a 
tributary of the Sangamon River, replaced the Kankakee R iver as no As ian Carp were 
sam pl ed there in 20 1 3  (F igure 1 . 1 ) . E ach river was sampled  at two s ites, one at a downstream 
locat ion near the mouth and one at an upstream location, chosen to maxim ize d i stance 
between sites whi le  consider ing acces s ib i l ity and i mpoundments .  As ian Carp from the 
I l l ino i s  River main channe l  were co l lected from the LaGrange reach annua l ly  (20 1 1 -20 1 4) by 
the I l l ino i s  N atural H istory S urvey. 
S am p l ing 
As ian Carp were sampled us ing boat pu lsed-DC e lectrofish ing (60Hz, 25% duty 
cyc le )  dur ing April -October at fixed s ites, both upstream in the tributar ies and downstream 
near the confluence w ith the I llino i s  R iver (F igure 1 . 1  ) . A s ingle fifteen m inute transect 
(pedal t ime) us ing  a mod ified Long Term Resource Monitoring Program (LTRMP) protocol  
(Gutreuter et a l . 1 995 )  was employed to capture fi sh ;  power output was maximized according 
to l ocal specific conduct iv ity measurements w ith a W iscons in ETS electrofish ing  box. A 
total of 1 9  hours of pu l sed-DC e lectrofish ing effort was conducted during 20 1 3  (5 .75  hrs) 
and 2 0 1 4  ( 1 3 .2 5  hrs) in the tributaries, no effort data was avai l ab le  for the Ill ino i s  R iver. Due 
to channel size d ifferences between upstream and downstream s ites and the s ize of watercraft 
necessary to accomm odate these d ifferences, one e lectrofishing  d ipper was used at upstream 
s ites and two d i ppers at downstream sites, standardized to person-hour. As ian Carp were 
measured to the nearest m il l imeter (TL) , wei ghed to the nearest gram, sexed, gonadal 
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development stage defined v i a  observat ion (L i  and Mathi as 1 994) .  Gonads were weighed to 
the nearest gram, and a postcl eithrum bone was obtained for aging est imat ion.  
Aging 
Postc l e ithra were returned to the l ab to be dried, c leaned, and sect ioned sequent ia l ly 
i n  the transverse p l ane u s i ng an I SOMET® low speed saw (Johal  et a l . 2000) .  Three 0 . 5 - 1 . 0 
mm sect ions  were mounted to g lass s l ides for i maging us ing a camera-equipped stereoscopic  
m icroscope w ith a contrast background .  Images were subsequent ly  aged by count ing annul i  
b y  two independent readers ;  d i sagreements were subsequentl y  reconc i led  between the 
readers .  Add i t ional ly,  a subset of the first ten As ian Carp encountered had heads removed i n  
the fi e l d  for otol ith recovery i n  the l aboratory. Extracted sagittal otol iths were c leaned i n  
95% ethano l ,  dr ied, and stored i n  m icrocentr i fuge tubes and then prepared for aging 
est imat ion according  to Secor et .  a l  ( 1 99 1 ) . Otol ith age est imates were then subj ect to the 
same age est imat ion procedure as the postc l eithra, and compared to determine  hard structure 
age est imat ion  prec i s ion .  
Data Analys i s  
Relative abundance, size structure, and condition 
Rel at ive  abundance was represented as catch-per-uni t  effort (CPUE),  calcu lated as 
fish per person-hour to account for the d ifference in d i p  netters .  Data for CPUE were 
log 1 o(x+ l ) trans formed to compensate for heteroscedascity (Hubert and Fabr iz io 2007)  and 
subsequently  compared among r ivers and years u sing analysi s  of var iance (ANOVA) with a 
Tukey-Kramer H onest ly  s ign i ficant d ifference mul t ip le  comparison post hoc test. D i fferences 
in size structure were compared us ing  a nonparametri c  Kolmogorov-Smi rnov two-sample  
test for d ifferences i n  d i str ibut i on s  between r ivers and years (Neumann and A l len 2007) .  
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Addtional l y, Bonferroni -corrected p values accounted for experiment-wise  error of multip l e  
compar i sons for s ize  structure (Gote l l i and  E l l i son 2004) . I calcul ated condit ion using 
rel at ive weight equat ion (Anderson and Neumann 1 996) ,  calcu lated as : 
Wr = (W /V11s) * 1 0 0 , 
where Wr i s  the condit ion factor, W is the total weight of an ind iv idual ,  and Ws i s  a l ength-
spec i fic standard weight pred icted by  a wei ght- length regress ion (log10 (V11s) = a' + 
b (Log10L) )  constructed for the specific  species (Anderson and Neumann 1 996) .  The 
constants a ' (= -5 . 1 5 765 )  i s  the i ntercept value and b (= 3 .06 842) is the s l ope of the log10  
(weight) - log10 (length) regress ion equat ion for S i lver Carp (Lamer, unpublished data) . 
Condit ion factor of fi shes among samp le  r ivers was compared us ing Kruskal -Wal l i s  
nonparametri c  test and pairwise W i lcoxon Rank-Sum nonparametric test with a Bonferroni 
correct ion  for m u lt ip le  compar isons .  
Sex structure and reproductive condition 
I used analysi s  of proport ions to determine i f  sex rat io  of As ian Carp d iffered from 
1 :  1 .  D i fferences i n  s ize structure between sexes were measured us ing a nonparametri c  
Ko lmogorov-S mirnov two-samp le  test fo r  d ifferences in  d i stri butions among rivers and years 
(Neumann and A l len 2007) .  Gonadosomat ic  index (GS I  = gonad wt/somatic wt* I 00) was 
emp loyed as a measure of reproductive potentia l . I used ANOV A with a Tukey-Kramer 
H onest ly s i gn i fi cant d ifference m ult ip le  comparison test to compare mean G S I  values for 
each sex among sample  r ivers and dates .  
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Structure comparison, precision, and age structure 
Average percent error (APE) and coefficient of variat ion (CV) was calculated 
between the two readers for each hard structure and between hard structures to determine 
preci s i on,  shown as : 
R 
APE· = 1 0 0  * 2_ � l xij - xj
l 
1 R �  x ' i = l  
CV) = 1 0 0  * -----­
Xj 
where R i s  the number of readers, xij i s  the estimated age by reader i, and Xj i s  the mean age 
of al l  readers (Beami sh  and Fourni er 1 98 1 ,  Chang 1 982) .  I then compared the s lope of each 
age b i as p lot against a s l ope  of one u s ing a t-test to determine age b ias between structures 
and/or readers (Campana et a l .  1 99 5 ) .  Age structure was compared between sample  r ivers 
w ith a nonparametri c  W i lcoxon rank-sum test w ith a B onferroni  correction for mult ip le  
compar isons .  
Growth and mortality 
Length at age of As ian Carp was back-ca lcu lated using d igit ized images of c l eithra 
sections .  I used ImageJ ® (Rasband 20 1 5 ) to measure the rad ius  l ength of the cross section 
and the length from the center to each annu lus .  Us ing these data, I back-calculated length at 
age us ing  the Dahl-Lea equation : 
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where Li i s  the back-calcu lated length at age i, Le i s  the length at capture, Sc i s  the rad ius  of 
the cross  sect ion  at capture, and Si i s  the radiu s  of the cross sect ion at annulus i (Dah l  1 907 ;  
Lea  1 9 1 0 ; LeCren 1 947) .  
U s ing  these data, I mode led  growth w ith a von Bertalanffy growth curve represented 
as : 
where lt i s  l ength at t ime t, L00  i s  the asymptoti c  length, K i s  a growth coefficient, and t0 i s  a 
t ime coeffici ent where length woul d  theoret ical l y  be  0 mm ( Is ley and Grabowski 2007) us ing 
F i sher ies Analysi s  and Mode l i ng  S im ulator 1 .0 (FAMS, S l i pke and Maceina 20 1 0) .  Using 
these est imates of growth, I then compared growth d ifferences between sampled r ivers us ing 
an analysis of the res idual  sum of squares to account for non l inear functions (ARSS ,  Chen et 
al . 1 992) .  
Mortal ity was est imated us ing a l inearized catch-curve regress ion, formed by aging  
a l l  fi sh i n  the  sample ,  and l og-transforming catches at each age : 
where the abso lute value of the s lope of the regress ion l ine, Z, represents i n stantaneous 
mortal i ty, N1 is frequency at t ime t, No is frequency at t ime 0 ,  and t represents t ime step 
( Mi randa and B ertol i  2007) .  Total annual mortal i ty (A) was then calculated from Z us ing the 
equat ion A =  I - e-2 . 
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Discharge 
To determine the effects of d ischarge on reproductive development and cond it ion of 
As ian Carp, da i l y  d i scharge data was obtained from the U nited States  Geologic Survey for 
the most downstream gauge for each sampled tributary in 20 1 4 .  The Sal t  Creek gauge was 
Greenv i ew, I L  (USGS  stat ion number: 5 5 82000) ;  Sev i l le ,  I L  Spoon R iver (USGS station 
number: 5 5 70000) for the Spoon R iver; Oakford, I L  (USGS stat ion number: 5 5 83 000) for the 
Sangamon R i ver; and Green Val ley, I L  (USGS stat ion number: 5 5 6 8 000)  for the Mackinaw 
River. Pairwise correl at ions were used to determine rel atedness between hydrographs for 
each samp le  r iver in 20 1 4 . 
A l l  stat ist ics were performed us ing Program R© (v . 3 . 1 . 1 ,  R Core Team 20 1 4) 
software and a s ignificance level  was set at a = 0 .05  unless otherwise  stated .  
RES U LTS 
A total of 1 298  As ian Carp was col lected from the M ackinaw, Sangamon, and Spoon 
R ivers and Salt  Creek during 20 1 3 -20 1 4, and a total of 44 7 As ian Carp was col lected from 
the Il l i no i s  R iver d uring 20 1 1 -20 1 4  us ing pu l sed-DC e lectrofishing.  No As ian Carp were 
samp led i n  the Kankakee R iver at any t ime .  Of the 1 7  45 total As ian Carp sampled, on ly 1 5  
B i ghead Carp were samp led,  accounting for < 1 % of the sample .  B ecause of the l ow sample  
s ize, B ighead Carp were excluded from further analys i s .  
Rel at ive abundance 
A lthough mean CPUE was h ighest in the Mackinaw R iver and l owest in the Spoon 
R iver, there were no s ign ificant d ifferences in  CPUE among the sample  r ivers (FJ, 36 = 
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0 .6599 , p = 0 . 5 8 , Tabl e  1. 1 ), however, mean CPUE was s ignificantly h igher i n  20 1 3  than in  
20 1 4  (F1 , 38 = 4 . 398 , p = 0 . 04 ,  Tabl e  1 . 1 ) . 
S ize structure 
In the Il l ino i s  R iver main channe l ,  As ian Carp sampled were between 404 -888  mm, 
w ith a mean of 5 3 0 . 85±2 . 5 6  (mean ± SE) mm overal l .  In  the tributar ies sampled ,  As ian Carp 
were b etween 445 - 872 mm,  w ith a mean of 5 62 .45± 1 . 54 mm overal l .  A l though pairw i se 
compar isons i ndicated no s ign ificant d i fference i n  length frequency d istr ibutions i n  the 
I l l i no i s  River between 2 0 1 1 -20 1 2  and 20 1 3 -20 1 4  (KS, p > 0 . 005 ,  Tab le  1 . 2) ,  al l other 
compar isons among years d i ffered (p < 0 . 005) ,  w ith fish sampled d isp laying consecutive ly 
larger mean l engths each year (Fi gure 1 .2 ) .  During 20 1 3 -20 1 4, there were s ign ificant 
d ifferences in l ength frequency between the Mackinaw, Sangamon, and Spoon Rivers (p < 
0 .005 ; Tabl e  1 . 3 ,  F i gure 1 . 3 ) .  Pa irw i se compar isons between the Mackinaw and Spoon 
Rivers i nd icated no s igni ficant d ifference (p > 0 .005 ) ,  al l remaining pairw i se compar i sons 
among tri butar ies  were s ign ificantly d i fferent (p < 0 .005 ,  Table  1 . 3 ,  F igure 1 . 3 ) .  
Condit ion 
M ean re lat ive weight of As ian Carp ranged from 92 to 1 00 in a l l  sample  r ivers .  As ian 
Carp rel at ive weight i n  the tributar ies  was not s i gn ificant ly d ifferent than in  the Ill inoi s  R iver 
(x2169I = 1 70 1 . 1 4, p = 0 .43 ) ,  nor was re lat ive weight s igni ficantl y  d i fferent among years 
(x2169I = 1 706 . 90 ,  p = 0 . 3 9) (F igure 1 .4 ) .  H owever, pairw i se Wi l coxon Rank-Sum results 
revealed s ign ificant d ifferences among a l l i nteractions among sampled r ivers (p > 0 . 0005 ,  
Tabl e  1 .4) ,  except between the  I l l inoi s  and Spoon R ivers ; Mackinaw and Spoon R ivers; and 
Salt Creek and Sangamon River. 
20 
- - - - - - - - ---- -- - - - - - - - - --
-
- ---- ---- �--� - - --- -�--
- - -- -- - - - -- --��-�� ==- - -
-�-���-�-�- - ��-� � -��-��� -�<-
Sex structure and reproduct ive cond it ion 
A total of  1 729 S i lver Carp was sexed from each sampled r iver. Overal l ,  a s i gn ificant 
male b ias was observed, however, no s ign ificant sexual b i as occurred in the Sangamon R iver, 
I ll ino i s  R iver, or  Sa lt Creek (Tabl e  1 . 5 ) .  Length frequency d i stribut ions d i d  not d iffer 
between the sexes (KS = 0 . 06 ,  p = 0 .06 ,  F i gure 1 . 5 ) .  Mean gonadosomat ic index values 
reflected increased gonadal development stage in both male and female As ian Carp, with the 
l argest values observed in stage 5 ind iv iduals and sma l lest values i n  stage 2 ind iv iduals  in  
each tri butary. Mean G S I  of stages 4 and 5 females were s ign ificantly h i gher than stages 2 ,  3 ,  
and 6 (F4.285 = 1 26 , p < 0 . 00 1 ,  F igure 1.6 ) .  S im i l ar to female As ian Carp, mean GSI  values 
for males were s ign ificant ly l ower in stages 2 ,  3, and 6 ind iv iduals than stages 4 and 5 (F4. 447 
= 22 . 39 , p < 0 . 00 1 ,  F i gure 1. 7) .  Addi t ional ly, h igher mean G S I  values were observed during 
the spr ing (May-June) compared to summer (Ju ly-August) and fall ( September-October) i n  
both sexes (female : F1.2s7 = 60 .3 5 , p < 0 . 00 1 ,  Figure 1 . 6, male :  F1,449 = 1 03 .6 , p < 0 . 00 1 ,  
F i gure 1 . 7 ) .  Peaks i n  G S I  values for both sexes co incided w ith pre-spawn gonad stages ( i . e .  
stage 4 ) ,  and spent stage 6 ind iv iduals increased fo l l owing decreases i n  mean GSI  values .  
Predom inantly  overwintering and sexua l ly  immature stages were observed i n  early spring 
during Apr i l -May ( Fi gure 1 . 6 and F i gure 1.7) . 
S tructure compar ison 
Exact agreement between otol iths and c le ithra for age est imation was 3 2%, w ith 70% 
± I yr, and 89% ± 2 yr. Prec i s ion between oto l iths and c leithra showed relat ive ly l ow APE 
( 1 0 . 79 )  and CV ( 1 5 .26)  values .  I l l ustrated by an age-b ias p lot, fewer age c lasses of c le ithra 
were observed compared to oto l iths ( s l ope  :f: 1 ,  t1 . 9o = - 1 0 . 8 1 ,  p < 0 . 00 1 ;  F i gure 1 . 8 ) .  
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Aging prec is i on 
Prec i s i on between readers for age us ing c leithra, exhibited exact agreement of 5 0% 
and ± I year agreement of 93%.  B etween-reader APE was 6 . 1 0  and the CV was 8 .63 . The 
age b ias p lot b etween readers i nd icates a sign ificant reader b ias ( s lope f- 1 ,  t1 . 1294 = - 1 5 . 56 , p 
< 0 . 00 1 ,  F i gure 1. 9) .  
Age frequency 
Pairwise  Wi l coxon tests i nd icated no d ifference between age frequency between 20 1 1 
and 20 1 2  ( W =  8060 , p = 0 .4 1 ) , a l l  other pairwise compar isons were d ifferent (p < 0 .003 ,  
Tabl e  1 . 6 ,  F i gure 1 . 1 0) .  Mean age within the  tributaries sampled ranged between 4 . 1 -5 .2 
years dur ing 2 0 1 3 -20 1 4 . D uring 20 1 3 , the Spoon R iver d id not d iffer i n  age frequency from 
the Sangamon R iver ( W = 1 7866, p = 0 .002),  however; during 20 1 4, the M ackinaw R iver 
d i ffered from Sal t  Creek and Sangamon R iver, whereas Salt  Creek also d iffered from the 
Sangamon R iver (p < 0 .0005 ,  Table  1 . 6) .  Each sampled tributary d i sp layed a s ign ificant 
i ncrease in mean age between years sampled (20 1 3  < 20 1 4, F10J690 = I 1 4 .2 , p < 0 . 000 1 ,  
F i gure 1 . 1 1 ) . Addi t ionall y, each tri butary sampled d i ffered i n  age from the I l l ino i s  R iver 
main channel  (p < 0 . 003 ,  Tabl e  1 . 6) .  
Growth and mortal ity 
Of the sampled tr ib utar ies, As ian Carp in  Salt  Creek were smal ler at a g iven age 
compared to the Sangamon, S poon, and Mackinaw R ivers us ing back-calculated mean 
l engths ( F i gure 1 . 1 2 ) .  Growth parameters of the I l l inoi s  River were calcu lated us ing l ength at 
capture, whereas back-calcu lated l engths were used for tributary fish (F igure 1 . 1 2) .  Multip le  
pa irw i se comparisons of the  von Bertalanffy growth mode l  suggest there were no s ign ificant 
d i fferences i n  growth between r ivers samp led (p > 0 .005 ,  Table  1 .  7, F igure 1 . 1 3 ) ,  however 
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there were trends i n  the data. As ian Carp i n  Salt Creek grew the fastest, opposed to As ian 
Carp i n  the I l l i no i s  R iver, which grew the s lowest (F igure 1 . 1 3  ) .  Intermediary of these were 
the Sangamon and S poon R ivers, which had comparable growth; and the Mackinaw R iver, 
s im i l ar to the Ill i no i s  R iver, growing relat ive ly s lower (F igure 1 . 13  ) . Mortal ity was est imated 
for As ian Carp from the I l l ino i s  R iver us ing year c lasses 3 -7 and year classes 5-7 with in  the 
tri butar ies .  Lower age classes were determined not fu l ly recruited to the gear. Estimated 
ann ual m ortal i ty ranged from 60-82% for As ian Carp during 20 1 1 -20 1 4 . The I l l i no i s  R iver 
d i sp layed the l owest total annual morta l i ty (60%), whereas the h ighest est imated total annual 
morta l ity occurred in the M ackinaw R iver (82%, F i gure 1 5 ) .  Intermedi ate values ranged from 
7 1 -78% in the S angamon R iver (7 1 %) ,  Spoon River (77%), and Salt Creek (78%, F igure 
l . 1 4) .  
D ischarge 
M ean d ischarge between rivers var ied,  w ith the Sangamon R iver showing i rregu lar 
flow character i st ics ,  w ith the remain ing r ivers exh i bit ing somewhat more typica l  spring and 
fall flooding events (F igure 1 . 1 5 ) .  In 20 1 4, the Sangamon R iver had the h i ghest d ischarge 
(4003 . 89± 1 8 . 3 6  m3/s) whereas the Mackinaw River (93 6 .20±6 .04 m3/s) had the lowest with 
the Spoon R iver ( 1 076 .83±9 . 3 0  m3/s) and Salt Creek ( 1 276 .6 1 ±8 . 8 7  m3/s) i ntermed iate. 
H owever, posi t ive pairw i se corre lat ions suggest that flow patterns were s i m i l ar among 
sampled  tri butaries  (Table  1 . 8 ) .  
D I SC U S S I ON 
S i lver Carp populat ion character i st ics  d i ffered between the I l l ino i s  River and 
associ ated tributar ies .  As ian Carp have b een extensive ly  studi ed in  large r ivers such as the 
I l l ino i s  R iver ( I rons et al. 20 1 1 ;  Sass et a l . 20 1 O ;  Stuck et al. 20 1 5 ; Lamer et al. 20 1 0) ,  and 
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these results w i l l  help  define better management strategies to deal with thi s  invasive .  
Compared to the impounded I l l ino i s  R iver, the tri b utar ies are e ither unimpounded 
(Mackinaw R iver) or have long stretches of free flowing channe l .  Coupled w ith h igh l y  
var iab l e  hydrau l i c  events, these characteri st ics  may a id  in  the upstream movement of As ian 
Carps i nto these systems,  espec ia l l y  dur ing per iods  of i ncreased d ischarge . B i ghead Carp in 
the I l l inoi s  River increased movement during increased d ischarge (Peters et a l .  2006)  and 
both spec ies  of  As ian Carp have also been shown to increase movement during el evated r iver 
stage in the I l l i no i s  R iver (DeGrandchamp et a l . 2008 ) . 
Catch per un i t  effort est imates in the tri butar ies  fal l with i n  or exceed ranges observed 
in  other l arge r ivers includ ing the I l l ino i s  R iver: 40-70 fish per DC e lectrofish ing hour ( Stuck 
et a l . 20 1 5 ) ;  M i ss i ss ipp i  River :  5 -20 S i l ver Carp per DC e lectrofishing hour, Ohio River :  3 -
4 1  S il ver Carp per DC e lectrofish ing hour, Wabash R iver : 2 - 1 8  S i l ver Carp per DC 
e lectrofishing hour (Tyszko et a l .  20 1 2 ) ;  and South Dakota tr ibutar ies  of  the Upper M issouri  
River :  3 -76 S i l ver Carp per DC e lectrofishing hour ( Hayer et al .  2 0 1 4 ) .  Low numbers of 
B ighead Carp occurred because e lectrofish ing i s  more effect ive for s i l ver carp and B i ghead 
Carp tend to be  p ioneer species ,  subsequently repl aced by  the l ater- invading S i l ver Carp 
(Garvey et al . 2006 ;  Irons et al . 20 1 1 ) . Asian Carp have been increasing exponent ia l l y  with in  
the I l l i no i s  R iver (Chick and Pegg 200 1 ) ,  and are l ikely to  continue for the foreseeabl e  future 
( Sass et a l .  2 0 1 0) ,  probabl y  d i spers ing into associ ated tri butar ies  to complete port ions of their  
l ife cyc le .  
Re lat ive ly low agreement was observed between sagittal otol iths and postc le ithra for 
age est imat ion .  Oto l i th s  are commonly  preferred as aging hard structures for multi p l e  species  
of freshwater fishes, and  are regarded as  accurate and preci se  structures ( I s ley and Grabowski 
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2007) .  H owever, the oto l iths of As ian Carp have been found to be hazy, frag i l e, and unusab le  
as  age structures (Johal  et a l . 2000) .  I n  sp ite of thi s ,  the aster i sc i i  (Hayer e t  a l .  2 0 1 4, S iebert 
and Phelps 20 1 3 ) , l ap i l l i  ( S iebert and Phe lps 20 1 3 ) ,  and sagittal otol iths (Nuevo et a l . 2004;  
Schrank et  a l .  200 1 )  have been evaluated as age structures .  Addit ional hard structures used 
for aging As ian Carp inc lude vertebrae, scales, fin rays, and postcl eithra (Nuevo et a l . 2004;  
Jo hal  et  a l . 2000;  Garvey et a l . 2006;  Kam ilov  20 1 4 ; S iebert and Phelps 20 1 3 ) .  I chose to 
proceed us ing  postcl e ithra, given the ease of preparat ion, c lear annul i ,  and s upport for back-
calcu lat ion of growth (Jo hal  et al. 2000 ;  J ohal  et a l . 200 1 ;  Stuck et al. 20 1 5 ) .  I found sagittae 
to be t ime consuming and d ifficu lt structures for age estimat ion given their frag i l e and hazy 
character i st ics .  
Popul at ion characteri st ics  of As ian Carp i n  the I l l i no i s  River fo l l owed those of 
prev ious  stud ies in  regards to s ize, age, growth, and morta l ity ( Schrank and Guy 2002; Irons 
et al .  20 1 1  ; Garvey et al .  2006; Stuck et al .  20 1 5 ) .  I observed d ifferences in total length and 
age frequency d i stri b ut ions between the tri butar ies and the I l l ino i s  R iver. Strong year classes 
dominated the popu lat ions i n  the I l l inoi s  R iver and the tributar ies (2009-20 1 0  year c l asses) as 
have been observed in prev ious  studies  of As ian Carp (Hayer et al . 20 1 4 ; Irons et al. 20 1 1 ;  
Garvey et a l .  2006) .  
M ean back-calculated total l engths of S i l ver Carp i n  were smal l er than many 
observed in the l iterature. U sing postcl eithra, l engths at age of S i l ver Carp in the 
Gob indsagar Reservo i r, H imachal Pradesh, Ind ia  were near ly 1 00 mm l arger than our 
est imates for each age c lass (Johal et a l .  200 1 )  and in  the Tudakul Reservoir ,  Uzbekistan 
from lateral scales (Kam i l ov 20 1 4 ) .  Even l arger l engths at age and growth rate were observed 
u s ing back-ca lcu lated l engths from pectoral fin rays from S il ver Carp in the M idd le  
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M iss i s s ipp i  R iver ( Wi l l i amson and Garvey 2005) .  Growth rates of I l l inoi s  R iver S i lver Carp 
in my study were s im i l ar to those observed in other  stud ies  of the I l l ino i s  R iver ( Stuck et al . 
20 1 5 ) and S o uth Dakota tri butar ies of the M issour i  R iver (Hayer et al . 20 1 4) .  S i lver Carp 
growth in I ll ino i s  R iver tri butar ies  (Sangamon R iver, Spoon R iver, and Salt Creek) are 
comparab l e  to those in the M idd le  Miss i s s ipp i  R iver (Wi l l i amson and Garvey 2005) ,  
however, the  growth i n  the  Mackinaw River  i s  c loser to  that i n  the Ill ino i s  R iver and 
M issour i  R iver tributar ies  (Hayer et a l .  20 1 4 ; Stuck et al. 20 1 5 ) .  I ncreased growth rate i n  
I ll ino i s  R iver tri b utar ies cou ld  be  attr i butabl e  to i ncreased resource avai l ab i l ity and decreased 
i nter- and i ntraspec ific competit ion.  
Our mortal ity est imate for the I l l ino i s  R iver was s im i l ar to those reported i n  the 
I l l inoi s  River  ( 60%; Stuck et al . 2 0 1 5 ) as wel l  as in the Upper M iss i ss ipp i  R iver during 2004 
(60%, Garvey et al . 2006) .  Annua l  mortal ity estimates w ithi n  tri butaries were substant ial l y  
h i gher, suggesti ng i ncreased mortal ity that may be  d u e  to dewatering events . S i lver Carp i n  
the tri butar ies  were determi ned t o  b e  fu l l y  recruited t o  the gear at age 5 ,  compared t o  ages 2 -
3 fo r  the I l l inois  R iver (thi s  study, Stuck et a l .  20 1 5 ) .  The h i gh concentrat ion of o lder age 
c lasses l i ke ly  contr i bute to the i ncreased mortal ity rates, and ind icate uti l i zation of tr ibutaries 
by sexual l y  mature adu lt fish,  as wel l as an ind icat ion of the strong 5 year age c lass .  
S i gn i ficant increases i n  gonadosomat ic  ind ices  observed dur ing 20 1 4  in  thi s  study 
co inc ided w ith e levated d ischarge events . S i m i l ar temporal changes were observed in the 
Lower I l l i no i s  R iver (DeGrandchamp et al . 2007) and the Missour i  River (Papou l i as et a l .  
2006) ,  and these results are cons istent w ith these fi sh i n  nat ive As ia, where reproduct ive 
act iv ity i s  assoc i ated with r iver stage (Abdusamadov 1 987) .  G S I  values in  the tri butar ies 
peaked in  J une-Ju ly, w ith e levated hydrograph act iv ity occurring s imultaneous ly .  S ign i ficant 
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decreases and subsequent l ow G S I  values were observed fo l lowing these per iods of elevated 
d i scharge, as well as the presence of spent females .  Overwintering gonadal stages of Asian 
Carp ( stage 3 ,  b oth sexes ;  L i  and M atth ias 1 994) were observed ear ly  i n  the sample  during 
Apri l -M ay, i ncreas ing to pre-spawn and spawning stages during the summer months .  Female 
G S I  values p lummeted in the Spoon River during Ju ly, whereas l arger decreases were 
observed in the Sangamon drainage dur ing August, correspond ing to h igh proport ions of 
spent ind iv idua l s .  S im i l ar patterns were observed for males,  although more gradual  declines 
ensued during the summer. I a lso observed spawning males throughout the summer, 
however, spent males were uncommon at any t ime, l i kely because of rapi d  regenerat ion 
t imes .  Regardl ess ,  s ign ificant temporal decl ines were documented i n  male G S I  values .  As ian 
Carp spawning i n  Ill ino i s  R iver tri butar ies  appears dependent on envi ronmental factors s uch 
as e levated d i s charge assoc iated w ith flooding events .  As ian Carp eggs are semi -buoyant, 
requ i r ing  flows > 0 . 7  ms- 1 to remain suspended, thus expla ining the rel at ionshi p  between 
e levated d i scharge and gonadal fluctuat ions (Abdusamadov 1 987) .  
As ian Carp inhabit ing I l l i no i s  R iver tri butar ies  do exh ib i t  demographic d ifferences 
from popul at ions i n  the I ll ino i s  R iver and other large, i nvaded U . S .  rivers. Our est imates of 
age, morta l ity, and growth for the I l l i no i s  R iver c lose ly match prev i ous stud ies ,  but our 
est imates with in the tr ibutar ies  exh ib i t  d ifferences .  As ian Carp i n  the M ackinaw R iver, Salt  
Creek, Sangamon R iver, and Spoon R iver had h igher growth rates, increased mortal ity, and 
h igher abundances than populat ions of As ian Carp in other l arge r ivers (Wi l l i am son and 
Garvey 2005 ; H ayer et a l . 20 1 4 ; Irons et a l . 20 1 1 ) .  Reproduct ive condi t ion of tributary-
res i d i ng As ian Carp ind icates fl uctuat ions cons istent w ith spawning act iv i ty (DeGrandchamp 
2007) ,  s uggest ing each of these r ivers supports hydro logic characteri st ics  sufficient for As ian 
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Carp reproduct ion .  These results l ay the grou ndwork for future invest igat ions regarding 
hydro log ic  s uitabi l ity for As ian Carp reproduct ion i n  smal l r ivers i n  the U n ited States, with 
app l icab i l ity to Great Lakes estab l ishment. 
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Table  1 . 1. M ean e lectrofishing CPUE ( fi sh/person hour) for As ian Carp samp led  u s i ng 
pu l sed-DC e lectrofishing i n  the Kankakee, Mackinaw, Spoon, and Sangamon R ivers and Salt 
Creek during 2 0 1 3 -20 1 4 . N = number of sample  s i tes, SE = standard error of  the mean .  
Year 
2 0 1 3  20 1 4  Combined 
River N Mean S E  M ean S E  Mean SE 
Kankakee 2 0 0 0 0 
Sangamon 2 82 .00  3 1 . 03 92 . 86  22 .78  88. 33 1 7. 71 
Spoon 2 1 07 .00  1 5 . 6 1  5 1 . 1 4  1 3 . 60  71 . 45 1 3. 01 
Mackinaw 2 1 83 . 3 3  44 .67 74 .00  1 8 .66 1 06. 8 23. 9 7  
Salt Creek 2 74 . 5 7  2 5 . 3 9  74. 5 7 25. 39 
Mean 86. 75 1 9. 79 73. 1 4  1 0. 1 1  75. 65 9. 52 
3 3  
Tabl e  1 .2 .  Kolmogorov -Smirnov test stat i st ics  for pairwise comparisons of pooled l ength­
freq uency d i stri butions  between the I l l i no i s  R iver, Mackinaw R iver, Salt Creek, Sangamon 
River, and Spoon River dur ing 20 1 1 -20 1 4 . D = K-S  test stat i st ic ,  bo lded select ions ind icate 
s ign ificance at p < 0 .005 . 
Ill i no i s  
Mackinaw 
Salt Creek 
Sangamon 
Spoon 
I l l i no i s  Mackinaw 
D = 0.24 
3 4  
Salt Creek 
D = 0.34 
D = 0 . 1 6  
Sangamon 
D = 0.48 
D =  0.3 1 
D = 0.22 
S poon 
D =  0.29 
D = 0 . 1 2  
D = 0.2 1 
D = 0.40 
Tabl e  1 . 3 .  Kolmogorov-S mirnov test stat i st ics  for pairwise compar i sons of l ength-frequency d i stri b ut ions between the I l l i no i s  River 
( I L) ,  Mackinaw R iver ( M ) ,  Salt  Creek ( SCR) ,  Sangamon R iver (SG) ,  and Spoon R iver ( S P) d ur ing 20 1 1 ( 1 1 ) , 20 1 2  ( 1 2 ) ,  20 1 3  ( 1 3 ) ,  
and 2 0 1 4  ( 1 4 ) .  D = K-S test stat i st ic ,  bo lded se lect ions  ind icate s ign ificance at p < 0 .0005 . 
I LI 1 
I L  1 1  
I L1 2 
I Ll 3 
I L l 4 
M l 3  
M l 4  
SG 1 3  
S G 1 4 
S P 1 3 
S P 1 4 
SCR 1 4  
I L 1 2  I L 1 3 I L 1 4 M l 3  M l 4 S G 1 3  S G 1 4 S P 1 3  S P 1 4 SCR 1 4 
D = 0 . 1 2 D = 0.53 D = 0.66 D = 0 . 2 7  D = 0.60 D = 0.63 D = 0.77 D = 0.43 D = 0.67 D = 0.56 
D = 0.54 D = 0.68 D = 0.29 D = 0.62 D = 0.65 D = 0.76 D = 0.50 D = 0.69 D = 0.58 
D = 0 .22  D = 0.29 D = 0 .22  D = 0.2 1  D = 0.54 D = 0.28 D = 0 . 25  D =  0 .22  
D = 0.43 D = 0 . 1 5  D = 0 . 0 8  D = 0 .4 1 D = 0.45 D = 0 . 1 4 D = 0 . 1 2  
D = 0.37 D = 0.38 D = 0.55 D = 0.23 D = 0.43 D = 0 .33 
D = 0 . 1 2 D = 0.35 D = 0.3 5  D = 0 . 1 6  D = 0 . 1 0  
D = 0.37 D = 0.43 D = 0 . 1 0  D = 0 .09  
D = 0 .69 D = 0.30 D = 0.33 
D = 0.46 D = 0.40 
D = 0 . 1 3  
Tabl e  1 .4 .  W i l coxon Rank-Sum test stat i st ics  for pairwise comparisons of pooled  re l at ive 
weight d i stri b ut ions between the I l l i no i s  R iver, Mackinaw R iver, Salt Creek, Sangamon 
R iver, and Spoon R iver d ur ing 20 1 1 -20 1 4 . W = Wi l coxon test stat i st ic ,  bo lded select ions 
i nd icate s ign ificance at p < 0 .005 . 
I l l i no i s  
Mackinaw 
S alt Creek 
Sangamon 
Spoon 
I l l i no i s  Mackinaw 
W =  66584 
37 
Salt Creek 
W =  1 8633 
W = 443 1 5  
Sangamon 
W = 3 7 1 0 1  
W =  9 1 050 
W =  32300 
S poon 
W =  8 1 329  
W= 60 1 1 3  
W = 49748 
W =  1 02 5 1 9  
Tabl e  1 . 5 .  S exual demograph ics  of As ian Carp i n  the Ill ino i s  R iver, Mack inaw River, Salt 
Creek, S angamon R iver, and S poon R iver during 20 1 1 -20 1 4 . X2 = chi-squared test stat i stic, p 
value = probability of  s ign ificant d i fferences .  B o lded values i nd i cate s ign ificance at p < 0 .05 . 
M F x2 p value 
Count Count 
Ill i no i s  242 203 3 .42 0 . 06  
M ackinaw 202 1 63 4 . 1 7  0.04 
Sal t  Creek 95 82 0 . 95  0 . 3 3  
Sangamon 1 99 1 63 3 . 5 8  0 . 06  
Spoon 246 1 34 3 3 . 0 1 < 0.000 1 
Mean 984 745 30. 04 < 0. 0001 
3 8  
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Table  1 .  7 .  Pairwise analys i s  of res idua l  sums of squares (ARSS)  test stat i st ics  between von 
B ertalanffy growth parameters for the I l l i no i s  R iver, Mackinaw River, Salt  Creek, Sangamon 
River, and Spoon River .  B o l ded  entr ies  i nd icate s ign ificance at p < 0 . 05 . 
I l l inoi s  
Mackinaw 
Sal t  Creek 
Sangamon 
Spoon 
I l l i no i s  Mackinaw Salt Creek 
F7,10 = 1 . 74 F7, 1 0 = 0 . 8 3  
Fs. 1 1 = 2 . 1 5  
40 
Sangamon Spoon 
F7, 1 0  = 1 .4 1  Fs. 1 1 = 1 . 69  
Fs. 1 1 = 2 . 09  F9, 12  = 1 . 82 
Fs. 1 1 = 2 .00  F9, 12 = 0 . 06 
F9. 12 = 1 . 65  
Tabl e  1 . 8 .  Pairw i se d i scharge Pearson correlat ion stat i st ics between the Mackinaw R iver, 
Sal t  Creek, Sangamon River, an d  Spoon R iver. Bo l ded  entr ies i nd icate s ign ificance at p < 
0 . 0 5 . 
M ackinaw 
Salt Creek 
Sangamon 
S poon 
Mackinaw Salt Creek Sangamon S poon 
r20029 = 0.44 r20029 = 0.38 r20029 = 0.45 
r202s1 = 0.84 r20249 = 0.57 
1'20249 = 0.42 
4 1  
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F i gure 1 . 1 .  M ap of  five tri butar ies withi n  the Ill ino i s  R iver system . S ites were upstream ( I )  
and downstream ( 3 )  near the Ill i no i s  R iver. 
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F igure 1 .2 .  Length frequency d i str ib ut ions (total length, i n  m i ll imeters) of  As ian Carp 
samp led  by pu l sed-DC e lectro fish ing in the Il l i no i s  R iver d ur ing 20 1 1 -20 1 4 . 
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S a n g a m o n  2 0 1 4  
n = 2 2 0  
m e a n = 5 94 . 9 8± 3 . 7 8  
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F igure 1 . 3 . Length frequency d i strib ut ions (total length, in m i l l imeters) of As ian Carp 
samp led by pu l sed-DC e lectrofish ing in the S poon, Sangamon, and Mackinaw Rivers and 
Salt  Creek during 20 1 3 -20 1 4 . 
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F igure 1 .4 .  Mean relat ive wei ght ± S E  (Wr) b y  year for As ian Carp col l ected from the 
Ill i no i s  R iver (fi l l ed c ircles ;  2 0 1 1 -20 1 4) and the M ackinaw (open c irc les) ,  Sangamon (open 
tri ang les ) ,  Spoon R ivers (fi l l ed  squares) ,  and Salt Creek (fi ll ed triang les) (20 1 3 -20 1 4) .  
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F igure 1 . 5 .  Length frequency d i stri b ut ions for female and male As ian Carp sampled from the 
I l l i no i s  R iver and its tributar ies d ur ing 2 0 1 1 -2 0 1 4 . 
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F igure 1 . 6 .  Mean G S I  values ( so l i d  l i ne, fi l l ed c ircles) and reproduct ive stage (dotted  l i ne,  
white d i amonds)  of female  As ian Carp in  the S poon R iver, Sangamon River, Salt Creek, and 
Mackinaw R iver. Error bars represent the standard error of the mean .  
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F i gure 1 . 7 .  Mean G S I  values ( so l i d  l ine, fi l l ed  c i rc les) and reproduct ive stage (dotted  l ine, 
white d i amonds) of male As ian Carp in  the Spoon R iver, Sangamon R iver, Salt Creek, and 
Mackinaw River .  Error bars represent the standard error of  the mean . 
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F igure 1 . 8 .  Age b ias p l ot for otol iths compared to c l e ithra for As ian Carp from the Spoon, 
Sangamon, and Mackinaw R ivers and Salt Creek during 20 1 3 -20 1 4  ( p  > 0 . 05 ) .  S o l i d  l ine  
represents regress ion between otol ith age and c lei thra age, dashed l ine  represents s lope of  
one, and error bars represent standard error of the  m ean . 
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F igure 1 . 9 .  Age b ias p l ot for Reader 1 compared to Reader 2 for Asi an Carp from the S poon, 
Sangamon, and Mackinaw R ivers and Salt Creek during 2 0 1 3 -20 1 4  ( p  > 0 . 0 5 ) .  So l i d  l ine 
represents regress ion between Reader 1 and Reader 2 age, dashed l ine represents s lope of 
one, and error bars represent standard error of the mean .  
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F igure 1 . 1 0 . Age frequency d i stri but ions (years) of  As ian Carp samp led by  pu lsed-DC 
e lectrofish ing in the Ill i no i s  R iver during 20 1 1 -2 0 1 4 . 
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Figure 1 . 1 1 .  Age frequency d i stribut ions (years) of As ian Carp samp l ed by pu lsed-DC 
e lectrofish ing i n  the S poon, Sangamon, and Mackinaw Rivers and Salt  Creek d uring 20 1 3 -
20 1 4 . 
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F igure 1 . 1 2 .  M ean length at capture ± S E  (top) and mean back-calcu l ated length at age ± S E  
(bottom)  for As ian Carp samp led  by  pu l sed-DC e lectrofish ing i n  the Ill i no i s  (20 1 1 -20 1 4) ,  
Mackinaw, S angamon, and S poon R ivers and Salt  Creek d ur ing 20 1 3 -20 1 4 . 
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F igure 1 . 1 3 .  Mean length at age ± SE  and von B ertal anffy models  for As ian Carp samp led 
us ing pu l sed-DC e lectrofish ing from the Ill i no i s, Mackinaw, Sangamon, S poon R ivers and 
Salt Creek during 20 1 1 -2 0 1 4 . 
5 4  
---- ---��- - --- - - ---=- �------ -�-·-- -- - ��- ---·-····-·��-- � 
0 -1-�����--��� �����������----"1 
0 2 4 6 8 
Age (years) 
F igure 1 . 1 4 . Catch-curve analys i s  of As ian Carp samp led by pu l sed-DC e lectrofishing in the 
Il l i no i s  R iver (20 1 1 -20 1 4  ) , S poon, Sangamon, and M ackinaw R ivers and Salt  Creek d uring 
20 1 3 -20 1 4 . 
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F i gure 1 . 1 5 . Mean dai ly d i scharge in  Salt  Creek ( dashed  l ine ;  USGS  stat ion number: 
5 5 82000) ,  Spoon R iver (dotted l i ne ;  U S G S  stat ion number: 5 5 70000) ,  Sangamon River 
( dash-dot l i ne ; U S G S  stat ion number:  5 5 83000 ) ,  and Mackinaw River ( so l i d  l ine ;  U S G S  
stat ion number:  5 56 8 000) .  
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LARY A L  F I S H  AND LARVAL A S I AN CARP COMMUNITY DYNAMICS  I N  ILL INOIS  
R IVER TRIBUTARIES  
ABSTRACT 
Large floodpla in  r ivers are complex systems, driven by spat ia l  heterogeneity and 
d iversity. M uch informat ion i s  avai l ab le  concerning ear ly l i fe  h i stories  of fish i n  l arge r iver 
main channe l s  and b ackwaters, however, l ittl e  understanding exi sts about ear ly  l i fe  
contr ibut ions of tri butar ies  t o  l arge r ivers . O f  specia l  concern are invasive As ian Carp, lot ic  
spec ia l i sts whose reproduct ive abi l it ies  i n  small r ivers i s  unknown. I sampled eggs and l arval 
fi sh in five tri butar ies  of the As ian Carp- invaded I l l ino i s  R iver during 20 1 3 -20 1 4 : Salt Creek, 
the Mackinaw, Kankakee, Sangamon, and Spoon R ivers to examine abu ndance, spat ial and 
temporal d i str ib ut ions,  community assemblage structure, and s ize structure . Peak abundances 
of eggs and l arval fish fo l lowed peaks in  d i scharge in each tributary, ind icati ng spawning 
activ ity characterist ic of  fluv ia l  specia l ists. Ten d ifferent fami l ies  were sampled ;  C l upe ids  
and Cypr in ids  were the  most abundant taxa. Temporal trends showed peak abundances of 
C l upeids dur ing May, Moroni d s  dur ing J une, and Catostomi ds, Centrarchids ,  and Cypr in ids  
dur ing J uly .  S ignificant temporal and spat ia l  effects (p < 0 .05)  of community assemblages 
were dr iven by  secch i depth and water temperature, respect ive ly .  Post gas b ladder emergent 
l arval  As ian Carp species  were sampled in h igh abundance in the Spoon and Mackinaw 
R ivers, representing over 80% of l arval fish sampled .  As ian Carp were first present in  late 
May w ith peak dens it ies were in J u ly .  I l l ino i s  R iver tributar ies  are important habitats for fish 
ear ly  l ife stages inc lud ing l arval  As ian Carp and contr ibute to the d iversity of fishes i n  the 
main channel habitats .  Thi s  d i vers ity cou l d  be at r i sk with the h igh reproductive success of 
As ian Carp and other invasive spec ies .  
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INTRODUCTION 
F ish  recruitment i n  large floodpla in r ivers i s  subject to i nteract ions among several 
i nter- and extra-channel  habitats, making large r ivers i ncredi b ly  complex systems .  Large 
floodpla in r ivers are characterized by a wide array of habitats, each varying in its degree of 
connectedness  to the main chan ne l .  H igh habitat heterogene ity of these systems contr ibutes 
to h igh speci e s  d iversity (Taylor et al. 2006) .  Contri buting to hab itat heterogeneity are extra­
channe l  habitats such as floodpla ins ,  backwaters, and tributar ies .  Through seasonal flooding 
and connectedness,  these habitats contr ibute nutrients to the main r iver habitats, as wel l  as  
provide  crit ical hab itat for many l ife stages of organi sms ( Junk et a l .  1 98 9 ;  Winem i l ler 2 004) . 
Among the most influenced of these organ i sm s  are fi shes, many of which rely  on seasonal 
hydro logica l  events and i nteract ions between river habi tats to complete var ious l ife stages . 
F l uv ia l  dependent fishes re ly on flowing water, us ing currents to faci l itate egg 
d ispersal to adequate hab itats (Sch ludermann et a l . 20 1 2) .  A lthough main channel habitats 
provide  host i l e  condit ions for l arval fish, previous stud ies have found an abundance of l arval 
fish in the main channel  hab i tats o f large r ivers (Nannin i  et al . 20 1 2 ;  Csoboth and Garvey 
2008 ;  B rown and Coon 1 994 ;  Ho l l an d  and Sylvester 1 983 ) .  Ear ly l i fe stages of fish w i l l  often 
seek out refuge areas from the harsh condit ions of the main channe l ,  characterized by low 
flows, decreased turb i dity, and h i gh res idence t imes (Galat et a l . 2004) .  
Refuge areas may cons i st of channe l  border hab itats, where flows are reduced, and 
connected backwater, s i de channe l ,  or tri butary habi tats .  Tributar ies can serve as backwater 
areas, w ith downstream reaches experiencing less  flow caused by backflow from the main 
channel ,  low stream gradient, and reduced depth from sedimentat ion (Brown and Coon 
1 994) .  Tributary habitats are i mportant for fish comm un it ies for reproduction, foraging, and 
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refuge ; espec ia l ly  as anthropological  d isturbances, such as l eveeing, channe lizat ion,  and 
agr icu lt ure, cont inue to reduce and i so late crit ical off-channel habitats with in  l arge r iver 
systems (Koe!  and Sparks 2002) . Tributary hab i tats are important for fish ear ly  l i fe  stages, 
from fluv ial dependent specie s  in the Great Lakes (Mansfield 1 984), to recruitment sources 
for many fish speci e s  in the M issouri River (Brown and Coon 1 994 ) . 
L ike many M idwestern r ivers, the I l l i no i s  R iver i s  an i mpounded l arge r iver heav i ly  
d i sturbed b y  anthropogenic  influence inc lud ing  e ight dams, forming pool reaches m ore 
ind i cative  of l ent ic habitat than lot ic (Koel and Sparks 2002,  M il l s  et a l .  1 966) .  Pluvial 
dependent fi shes re l y  on flowing water for reprod uctive requ irements, and i n  d i sturbed 
habi tats such as the Illino i s  R iver, these condit ions are not always met. Tributar ies are often 
less  d i sturbed hab itats b ecause of reduced potentia l  for transportat ion and recreation, and can 
cumu lat ive ly contr i bute to continuous lot ic segments i n  d i sturbed  systems (Koe! and Sparks 
2002) . These segments have the potentia l  to augment d i sturbed  flows in impounded r ivers, 
a l l owing fluvia l  dependent fishes to ful fi ll necessary spawning requirements (Brown and 
Coon 1 994) . Other taxa are tri butary dependent special i sts and rel y  on these areas for 
repro duct ion ( Mansfie ld  1 984  ) . 
Compared to stu dies  on s im i l ar l arge r ivers, invest igations of l arval fi sh composit ions 
in  the I l l i no i s  River have been restr icted to the main channel  and connected backwaters 
(Nann in i  et al. 2 0 1 2 ; Csoboth and Garvey 2008) ,  result ing in  a s ignificant knowledge gap 
regard ing l arval fish assemblages in assoc iated tri butar ies .  I examined fish ear ly  l i fe stage use 
and assem b lage structure of l ower tributary reaches within of the Ill ino i s  R iver. In  add it ion, I 
a lso wanted to determine i f  i nvasive spec ies ,  such as As ian Carp, were reproducing i n  these 
areas. To accomp l i sh thi s, my obj ecti ves were to 1 )  determine locat ion and t iming of egg and 
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l arval fish  occurrences with i n  tri butar ies ,  2) compare commun ity assemblages withi n  
tri butar ies ,  3 )  examine  the influence of abi ot ic factors o n  l arval fi s h  commu nit ies ,  and 4 )  
assess l arval fi sh  s ize stru cture over t ime Ear ly  l i fe  h istory of As ian Carp has been relat ive ly 
l ittl e  stu died i n  North America, espec ia l ly  regarding small r iver use  by these ind iv iduals  
( Kocovsky et  a l .  20 1 2) .  B y  studying tri butary use by ear ly l ife stages of fish,  we may 
determine  cr it ical  spawning  habi tat w ithin  tri b utar ies  of the I l l ino i s  River. 
METHODS 
Study Area 
Four tri b utar ies  of the Il l i no i s  River were sampled each year during 20 1 3 -2 0 1 4 . I n  
20 1 3 , I samp led t he  Spoon (SP ) ,  Sangamon ( SG) ,  Mackinaw (M) ,  and Kankakee (K) R ivers. 
In 2 0 1 4, S alt  Creek ( SCR), a tri butary of the Sangamon R iver, repl aced the Kankakee R iver 
( F igure 2. 1 ) .  Each river was sampled at a downstream location near the mouth whi l e  taking 
into cons iderat ion seasonal accessi b i l ity. 
Abiot ic  factors 
Water temperature (0C) ,  d i sso lved oxygen (mg/L) (YS I  model  52 ,  Yel low Springs 
I n struments, Yel low Spr ings, O H), flow (m/s) (Hach model  FH950 ,  Hach Company, 
Loveland ,  CO), secchi depth (cm) ,  and d ischarge (ft3/s) were col l ected during each sampling 
event.  To determine the effects of d ischarge on l arval fish, da i ly  d i scharge data was obtained 
from the United States Geolog ic  S urvey for the most downstream gauge for each sampled 
tri butary i n  20 1 4 .  The Salt  Creek gauge was Greenv i ew, IL (USGS station number: 
5 5 82000) ;  Sev i l le ,  IL Spoon R iver (USGS stat ion number: 5 5 70000) for the Spoon R iver; 
Oakford, IL (USGS  stat ion n umber :  5 5 83 000) for the Sangamon River; and Green Val l ey, I L  
(USGS stat ion n um ber: 5 56 8000) for the Mackinaw R iver. 
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Larval F i sh Sam p li ng  
Larval fish sampl ing  of each tri butary river occurred at l east monthly  from Apri l ­
October at each s ite when access ib le .  I n  the spring and summer months during peak 
spawning t imes (Deters et a l . 20 1 2) ,  l arval fish sampl ing was conducted weekly or b i-weekly  
to  i ncrease chan ces of encounter. A 5 00 µ m  mesh  conical cyl indr ical i chthyoplankton net 
measuring 0 . 5 m  x 3 m  mounted to a r ig id  frame at the front of a boat was pushed against the 
current for five m inutes for three rep l i cations  at each s ite (Claramunt et a l .  2005) .  A flow 
meter (mode l  2030R, General Ocean ics ,  Inc . ,  M iami ,  FL) attached in the center of the mouth 
of the net was used to est imate volume of water fi ltered .  The net was operated j ust under the 
s urface of the water and sampled the top half meter of the water column for suspended and 
pe lag ic  eggs and l arvae . Three five-min ute samples were taken at each downstream s ite, one 
near each bank and a main channel  samp le  during day l ight hours, producing samples  from 
main channe l  and channe l  border habi tat strata. 
A l l  l arval sam p les were fixed in 95% ethanol  in the fie ld  unt i l  i dent ificati on.  F ixed 
samp les were returned to the l aboratory for enumerat ion and subsequent fami l y  identificat ion 
based on merist ic ,  morphometric, and composite characteri st ics  (Auer 1 982) .  Fam i l y  
i dent ification  was chosen t o  reduce r isk of m i s identification for most taxa; Cyprin i ds were 
further i dent ified to inc lude/exclude Hypophthalmichthys sp. (Chapman 2006) .  Fo l lowing 
i dent i ficat ion,  each specimen was measured for total l ength to the nearest m i l l imeter. 
Data Analys i s  
A biotic factors 
Abiotic factors were tested us ing a repeated-measures analys is  of var iance 
( RMANOV A) to compare environmental factors over t ime in the sampled r ivers, because 
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each d iscrete s i te was sampled  repeated ly .  Pairw i se correl at ions were used to determine 
relatedness b etween hydrographs  for each samp le  r iver i n  20 1 4 .  
Larval fish abundance 
Fo l l ow i ng i dent ificat ion,  density was calcu lated for eggs and l arval fi sh as number 
sampled  per one-hundred cub ic  meters (number · I oom-3) of water sampled ,  as a measure of 
catch per uni t  effort (CPUE, count · I Oom-3) .  Relative abundance could then be calculated .  To 
compensate for heteroscedascity, egg and l arval fish dens i t ies  were log-transformed 
[ log I O (x+ l )] (Hubert and Fabriz io  2007) . B ecause Hypophthalmichthys sp. represented 
�80% of the total samp led, separate analyses were performed w ith and w ithout to examine 
influences of other taxa more c losely .  To test for d i fferences i n  total egg and larval fish 
den s it ies  between r ivers and habi tat strata (main channel ,  channe l  border) , I used ANOV A 
with a Tukey-Kramer H onestly s i gn ificant d ifference post hoc test for mult ip le  comparisons .  
Because I sampled  repeatedly at d i screte s ites, spl it-plot RMANOV A (Maceina et al . 
1 994) was used to compare dens i t ies  among r ivers through t ime.  The main p lot var iab le  was 
s ite and the subplot var iab les  were day sam pled, u s ing log-transformed den s it ies  of eggs and 
l arval fish for each analys i s .  Low water made some s i tes  i naccess i b l e  d ur ing Augu st and 
September, therefore, dens it ies were compared from May to Ju ly .  
Larval fish assemblages 
Overal l  assemblage structure was analyzed us ing nonmetric mul t id imens ional scal ing 
(NM DS ) .  Al l  data were standardized to average density and log-transformed to meet the 
assumptions of normal ity. B ray-Curt i s s i m i larity was used to expla in the d ifferences among 
r iver or sam p l ing  trip .  To assess community structure over time sampled,  l og-transformed 
average density of each spec ies  was p lotted against t ime sampled .  D ifferences i n  community 
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structure between r ivers were assessed for l og-transformed average density of each species 
for each s ite .  Permutat ional  m u lt ivar iate analys i s  of variance (PERMANOVA) was chosen to 
expla in d ifferences in community assemb lages between sampl ing t ime and sampled r ivers 
(Anderson and Walsh 20 1 3 ) .  Addit ional ly, environmental var iab les  (secchi depth , surface 
water temperature, d i ssolved oxygen, and d ischarge) from each s ite were correl ated with the 
NMDS ordi nat ion axi s  us ing the envfit function in program R us ing 999 permutat ions 
(Oksanen et a l .  20 1 5 ) .  S igni ficant ly  correl ated variables  were overlayed us ing bi  p lot vectors 
in ordinat ion  space. 
Laval fish size structure 
To invest igate d i fferences i n  s ize structure of fish over t ime, nonparametric 
Kolmogorov-Smirnov cumulat ive d i stri but ion tests compared s ize structure of larval fish taxa 
over sam p ling  t ime .  Mul t ip le  pairwise  comparisons determined s ize structure d ifferences 
between sam ple  dates w ith Bonferroni correct ion for mult ip le comparisons .  A l l  stat i st ics  
were performed us ing Program R© (v . 3 . 1. 1 , R Core Team 20 1 4) software and a s ignificance 
level was set at a = 0 . 0 5  un less  otherwise stated . 
RES U LTS 
Abi ot i c  factors 
Predi ctably, ab i ot ic  factors reflected local water condit ions, w ith e levated secchi 
depths and flows dur ing per iods of h i gh d ischarge and elevated surface water temperatures 
dur ing the summer m onths ( F i gure 2. 2 ) .  Of the environmental variab les taken, secchi  depth 
showed a s i gn i fi cant temporal effect (F2.22 = 3 . 8 5 , p = 0 . 04) ,  whereas surface water 
temperature d i sp l ayed a spat ial effect, d i ffering s ign ificantly between the r ivers sampled 
63 
(F1. u = 5 . 75 , p = 0 .0 1 ) . No s ign ificant effect of t ime or s ite was observed for flow (F1. u = 
1. 1 3 , p  = 0 . 3 8 ) .  
D ischarge between r ivers var ied,  w ith the  Sangamon R iver showing flashy 
characteri sti c s, w ith the remaini ng r ivers exh ib it ing somewhat more typical  spring and fa l l  
flood ing events (F igure 2 .  3 ) .  I n  20 1 4, the Sangamon River had the h ighest d ischarge by  
mean (±SE)  d ischarge (4003 . 8 9± 1 8 . 3 6  m3/s) and the l owest the Mackinaw R iver 
(93 6 .20±6 .04 m3/s ) .  I ntermediary i n  mean d ischarge were the Spoon River ( 1 076 . 83±9 . 3 0  
m3/s) and Salt Creek ( 1 276 .6 1 ±8 . 8 7  m3/s) . H owever, posit ive pairwise  correlat ions suggest 
that flow patterns were s im i l ar among sampled  tributaries (Tab le  2 . 1 ) . 
Larval fish  abundance 
Over the sam p ling per iod ,  1 8 1 7  eggs and 2994 l arval and j uven i l e  fish were col lected 
dur ing 20 1 3 -20 1 4  us ing a conical  cyl i ndrical  ichthyoplankton net . We expended a total of 
960  m in utes of effort samp l ing, fi ltering  approximatel y  1 0200 m3 of water. Only 3 5  m inutes 
of effort were expended in  20 1 3 , result ing in the co l lection of two l arval fish ,  one perci d  and 
one c l upe i d  from the Kankakee and Spoon Rivers, respectively.  G iven the l ow sampl e  s ize 
from 20 1 3 , further analys i s  w i l l  inc lude results from 20 1 4  only. Of the 2992 l arval  and 
j uven i le fish sampled d ur ing 20 1 4, 80% were Asian Carp species  (Tab le  2 . 2) .  W ithout As ian 
Carp, 605  l arval and juven i l e  fish from 1 0  families  were sampled ;  Cyprin ids  and C lupeids 
dom inated the remain ing catch . Catostomi d s, M oroni ds ,  and Centrarchid s  made up the 
remainder of the sample .  Ather in ids ,  I ctalur ids ,  Lepisoste ids,  Perc ids ,  and Scian ids  combined 
compr ised less than 2% of the total l arval and j uven i l e  fish col lected (Tab le  2 . 3 ) .  
Total dens ity of larval fi s h  does not d i sp lay a s ign ificant effect of river (FJ, 1 79 = 
0 . 7668 ,  p = 0 . 5 1 4) or habi tat strata (Fus1 = 3 .3 5 5 , p = 0 .06863 ) .  S im i larly, removing the 
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effects of the l arge number of As ian Carp reveals no s ignificant effect of river on total 
dens i ty (F3. I 79 = 0 . 3 8 5 6, p = 0 .7635 ) ,  however, a s ign ificant effect of habitat strata i s  
observed w ith remaining taxa (Fusi = 4 .446,  p = 0 .03636) with a h igher proportion of fish 
sampled i n  main channe l  habitats ( 5 8% of the tota l ) .  A lthough a s ign i ficant effect of strata 
was observed on total density, no s ignificant effect of strata was observed when As ian Carp 
were removed from analyses (Table  2 .  4) .  
Spat ial and temporal d i stri b ut ions of eggs 
Total densit ies of eggs d i d  not d iffer b etween main channe l  and channel border 
habi tats (Fus1 = 0 . 1 52 1 ,  p = 0 .697) ,  however, a s ign ificant effect of river was observed 
(F3, J 79 = 3 . 1 22 ,  p = 0 . 0273) .  Tukey-Kramer H S D  testing revealed s ignificantly  h igher egg 
dens ity in the Sangamon River than the rest of the r ivers . Neither sample  r iver (F3 ,8 = 3 .22, p 
= 0 .08 )  nor m onth samp led (F1 1 . ss = 0 .  1 3 , p > 0 .99) had an effect on egg density, however, a 
s ign ificant i nteraction of river and month (F33, 88 = 3 . 56 ,  p < 0 .000 1 )  was observed (F igure 2 .  
4) .  
Spat ia l  and temporal d istr ibutions of l arval fishes 
A s i gn ificant effect of m onth was observed on total l arval fi sh density (F1 1 . 88 = 4 . 76, p 
< 0 .000  I ) , but no effect of  river was seen (F3,8 = 2 . 89,  p = 0 . 1 0) .  S i m i lar to total egg dens i ty, 
a s ign i ficant i nteraction of r iver and sampl ing month was observed for total l arval fish 
dens ity (F33, 88 = 5 .34 , p < 0 .000 1 ) . When the l arge number of As ian Carp were removed for 
analys i s ,  s im i l ar resu lts  were observed for sampl ing t ime (FJJ, 88 = 4 . 75 , p < 0 .000 1 ), river 
(FJ, 8 = 1 .02, p = 0 .43) ,  and r iver-month interact ions (F igure 2. 4; F33 ,88 = 3 . 3 5 , p  < 0 .000 1 ) . 
As ian Carp d i sp layed s i gn i ficant temporal (F10, 10 = 4 .4  7, p < 0 .000 1 )  and spat ia l  (F3.7 = 
1 8 . 07, p = 0 . 00 1 )  components, as wel l  as a s ign ificant interacti on between both factors (F3o. 10 
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= 1 1 . 80 ,  p < 0 .000 1 ) . Taxa also showing temporal components were Cypr in i ds (without 
As ian Carp ; (F10Jo = 2 . 59 , p = 0 . 0 1 ) , Centrarchids (F10,80 = 1 1. 26 , p < 0 . 000 1 ) , and C lupeids 
(F1 1 , 88 = 6 . 3 8 , p < 0 . 000 1 ) . Centrarch ids  (FJ, 8 = 6 . 74, p = 0 . 0 1 )  and Moroni ds (FJ, 8 = 9 .28 , p = 
0 .005 ) each d i sp layed effects of sample  r iver, whereas Catostomids  d i sp layed no s igni ficant 
spat ial or temp oral effects (F1 , 8  = 2 . 40 , p = 0 . 1 6) (Figure 2 .  5 ) .  
Assemb lage structure 
N onmetric  m u lt i dimensional scaling of taxa dens it ies  sampled over time revealed 
group ing b etween months sampled (F igure 2. 6) ;  PERMANOV A results i nd icate a 
s ign ificant effect of month sampled on taxa composit ion (Fs, 16 = 1 . 6 1 , p  = 0 . 049) .  Secchi 
depth had a s i gn i ficant correlat ion w ith the ordinat ion axi s  (r2 = 0 .45 , p = 0 . 0 1 5) ;  no other 
envi ronmental var iables had a d iscernib le  effect on taxa composit ion during sample  t ime 
(F i gure 2 .  6 ;  p > 0 .05 ) .  Taxa dens it ies  grouped by river as  wel l  (F igure 2 .  7) ,  w ith a 
s ign ificant effect of r iver on the model (FJ, J J  = 2 .9 1 , p = 0 .005 ) .  A s ign ificant correlat ion of 
temperature was seen with the ordinat ion axi s  of taxa dens i t ies by r iver (r2 = 0 . 62 , p = 0 . 0 1 3 ) ,  
however, no other s igni ficant correlat ions of envi ronmental var iab les  was observed, 
inc lud ing habi tat strata ( Fi gure 2. 7 ;  p > 0 . 0 5 ) .  
Larval  fi sh s ize structure 
As ian Carp var ied  in s ize between June and Ju ly (D = 0 . 8 8 ,  p < 0 .000 1 ) ,  with too few 
sam pled  in May for compar i son .  Removing As ian Carp from cons iderat ion also shows 
s ign i fi cant d ifferences in size structure of Cyprin ids ,  Catostomi ds,  and C l upe ids  between 
months sam pled  as wel l  (p < 0 .0 1 7 ; Table 2 .  5 ;  F igure 2 .  8 ) .  
6 6  
DISCUS S I ON 
Larval fish d i stribut ion and taxonomic compos it ion 
Tributar ies represent crit ical hab i tats for l arge r iver fishes, whether for spawning 
hab i tat (Mansfie ld  1 984) ,  refugia (Junk et  a l . 1 989 ) , or nutr it ion (Thorp et  a l . 2006) .  Our data 
suggest that tri butary habitats support ear ly  l ife  stages of mult ip le taxa of fishes :  fluv ial 
dependents such as cyprin i ds ,  catostomids ,  and sc iaen ids ,  as wel l  as several macrohab itat 
genera l i st taxa s uch as centrarch ids ,  c lupeids ,  l ep i soste ids ,  ather in ids ,  perc ids ,  and i ctalurid s  
(Csoboth and Garvey 2 0 0 8 ;  Galat and Zweimul ler 200 1 ) . Pluvia l  dependents are regarded as 
taxa requ ir ing lot ic envi ronments for some p01iion of thei r  l ife  whereas macro hab itat 
genera l i sts  are characteri st ic  of lent ic dwel l ing taxa (Csoboth and Garvey 2008 ; Galat and 
Zweimu ller 200 l ) . Predi ctably,  h igher proport ions of fluvia l  dependents were 
capturedcompared to macrohabitat generali sts .  H i gh contribut ions of fluvial  dependents such 
as cypr i n ids ,  catostomi ds, and moronids  were l ikely attributabl e  to l ot ic  hab itats  (Csoboth 
and Garvey 2008 ;  N anni n i  et a l .  20 1 2 ;  Galat and Zweimul ler 200 1 ) . Pelagic spawning 
sc iaeni ds, i . e .  freshwater drum (Aplodinotus grunniens), were sampled i n  low densit ies ,  
although some stud i e s  report h i gh dens i t ies  in  l arge r ivers (Nannin i  et a l . 20 1 2) .  Even though 
con di t ions were appropriate for sc iaeni d  spawning, these species  have been noted to be 
l im ited by r iver s ize i n  the i r  d i stri b ut ion (Becker 1 983 ) ,  poss ib ly  accounting for low 
den s it ies ,  s i m i l ar to find ings in  M issouri  R iver tributaries (Brown and Coon 1 994) . A lthough 
cons i dered m acrohabitat general i sts, c lupe id  l arvae represented a large proport ion of the 
catch i n  our sample  r ivers, cons i stent with other studies  in l ot ic systems (Gal lagher and 
Conner 1 9 82 ;  M uth and Schulbach 1 984 ;  Scheidegger and Bain 1 995 ) .  
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Modest presence of centrarchids ,  a nesting taxa, are l ikely  a result of d i sp lacement by 
rap i d  flooding events (F l oyd et  al . 1 984 ;  Scheidegger and Bain 1 995 ; Scott and Nie l son 
1 989) .  S im i l ar ly  l ow catches of macrohabitat general i sts such as ather in ids ,  i ctalur ids ,  
l ep i sosteids ,  and perc ids  occurred .  Thi s  study focused on pelagic eggs and l arvae, sampl ing 
the top half meter of the water co lumn, therefore excluding taxa uti l iz ing remaining portions 
of the water column. Ad dit ional ly, taxa inhab it ing extra-channel  habitats such as connected 
backwaters or sha l low vegetated hab itats were also not sampled .  
Locat ion and t iming of spawning 
Temporal changes i n  egg and larval fi sh densit ies were apparent. Peak densit ies of 
eggs occurred d uring J une, with peak dens it ies  of l arval fish occurring dur ing May, fol lowing 
spring flooding events .  E arly p eaks of l arval fish densities were driven by the h igh c lupe id  
dens it ies  in  M ay in  the Mackinaw R iver and h igh dens it ies of eggs i n  June i n  the Sangamon 
River. Other abundant taxa influence subsequent l arval fi sh peaks . C lupeids  spawn during 
Apri l -May, however, the i r  adhes ive demersal eggs l ikely e lude our sampl ing gear (Pfli eger 
1 997 ;  Smith 1 979) . C l upe ids  showed peaks during May-June, predominantly in the 
Mackinaw and Sangamon R ivers . S im i l ar stud ies  in l arge r ivers report samp l ing l arval 
c l upe ids  during these t imes (Reeves and Galat 20 1 O; N annin i  et al. 20 1 2 ; M uth and 
Schmu l bach 1 994) ,  as wel l as in  temperate lakes ( We lker et a l .  1 994) . Strong temporal 
patterns were also present in centrarch i d  spec ies ,  sampled in h ighest concentrat ions in the 
Mackinaw R iver dur ing J une-J u ly. Larval centrarch ids  were s im i lar ly sampled in r ivers in 
the Ill inoi s  R iver and a Kentucky stream (Nannin i  et a l .  20 1 2 ; F loyd et al. 1 984) . Cyprin i d  
species  (exclu ding As ian Carp) add i t ional ly  d i sp layed temporal effects w ith peak densit ies 
samp l ed during Ju ly  i n  all the samp le  tri butar ies .  I n  the M issouri River, l arval cyprin i ds were 
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sampled i n  summer months ( Ju ly-August, Reeves and Galat 20 1 0) ;  peak densit ies i n  a South 
Dakota stream were also sampled  during Ju ly  (Muth and Schmulbach 1 984) . Although no 
s ign ificant effects of t ime were observed, moroni d  spec ies  were exc lus ive ly sampled in the 
Sangamon R i ver drainage dur ing M ay and June.  M oroni d  species  typ ical l y  spawn over rocky 
substrate dur ing March and Apr i l ,  u s ing tributar ies  of l arge rivers (Pfl ieger 1 997) .  Moronid s  
i n  our  study are l ikely  l i mited to the Sangamon R iver drainage because the other systems 
sampl ed l ack sufficient substrate for spawning.  Larval catostomi d  dens i ti es  were among the 
most var ied temporal ly  of the taxa sampled  in thi s  study. Peak dens it ies were general l y  
observed i n  J une, however, peak densi t ies  i n  Salt  Creek were observed i n  Ju ly. These 
d ifferences are l ikel y  due to species  d i fferences, but thi s  study l acks the taxonomi c  
refinement t o  make defin ite concl u sions .  
Larval fish community assemb lages 
Over the months sampled ,  l arval fish assemblages were d r iven by secchi depth in  this 
study. A s i gn ificant effect of sample  t ime was observed, evi denced by the groupings of 
samples  from M ay, J une, and J uly .  When samples  were scaled by r iver, temperature showed 
a s ign ificant correl at ion w ith l arval fish assembl ages .  Increases in temperature led to changes 
in  l arval fish community structure . I n  contrast, l arval fish assembl ages in the I l l i no i s  River 
were dr iven by channe l  depth and flow (Nannin i  et al .  20 1 2) ,  whereas i n  the M issouri River 
and its tri butar ies ,  assemb lages also separated with respect to depth and turbi d ity (Brown and 
Coon 1 994) . Overal l , secchi and temperature seem to be driving factors i n  thi s  study, 
however, effects of flow I was unab l e  to quant ify may be the result of m u lt ip l e  flooding 
events spanning sampl ing t ime, especia l l y  an unseasonab le  fal l  flood.  
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S ize structure of l arval fish 
Length frequ ency h istograms for l arval fi sh a l l owed us to track spawning cohorts 
through t ime for Hypophthalmichthys spp . ,  cyprin ids ,  catastomids ,  and c lupeids ;  al l other 
taxa were not represented in  l arge enough numbers for analyses. S ignificant d ifferences were 
observed b etween months sampled,  indicat ing d i fferences in t iming of spawni ng events and 
growth of cohorts over t ime.  S ub- I 0 mm categories were observed for catostomids ,  
cypr in ids ,  and c lupe ids  d ur ing each month, representing separate spawning events during 
each month for each taxa. Dettmers et al .  (200 1 )  provides evi dence for protracted spawning 
for these taxa i n  the Lower Ill ino i s  River, whereas F loyd et a l . ( 1 984)  observed spec ies­
dr iven d ifferences withi n  these taxa sampled i n  a Kentucky stream . Temporal progress ion of 
indi v idua l s  over � 1 0  mm provi des ev idence for tracking these cohorts through t ime,  for 
examp le, l arger c l upe ids  were seen in  Ju ly compared to pr ior  months .  Thi s  remains 
cons istent w ith c l upe ids  in the I l l ino i s  River (Nann in i  et al .  20 1 2) as wel l .  S im i l ar trends 
were add it iona l l y  observed i n  cypr in ids  and catostomi ds .  Low frequencies of l arger bod ied 
l arval and j uven i l e  fish may also be attri buted to evas ion to our gear, as i nd iv i duals increase 
in s ize,  motor development contr ibutes to gear evasion (Kelso et al . 20 1 3 ) .  
Invas ive specie s  effects on l arval fish communit ies  
As ian Carp are i nj ur ious exoti c  species  recentl y  estab l i shed, and subsequently 
mu l t ip l ying exponent ia l ly  with i n  the M iss i ss ipp i  R iver bas in  (Chick and Pegg 200 1 ) . Asian 
Carp represented 80% of our  total l arval fi sh samp le, beginn ing in  the M ackinaw River i n  
May w ith the  maj ority of As ian Carp l arvae and j uven i les  were sampled in  the Spoon R iver 
in  J u ly .  Numbers increased dramatical ly  i nto J ul y, where growth of these ind iv iduals l i ke ly 
excluded As ian Carp from our gear as they began to exceed 40 mm . Post-gas b ladder 
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emergent l arval As ian Carp are considered to be  free swimming (Deters et a l .  20 1 2) ,  
therefore i t  i s  d ifficult  to say whether these ind ivi duals came from the tri butar ies themselves 
or if they m i grated from the main channe l .  H owever, tri butary confluences have been noted 
to prov ide  favorab le  spawning condit ions for As ian Carp (Nico et al. 200 5 ;  Deters et al . 
20 1 2 ) ,  further reinforcing the import of tri butar ies for pelagic spawning fishes .  Asian Carp 
sampled in thi s  study are l i ke ly  u s ing tri butary mouth habitats as refuge areas from the main 
channe l  flows. Ev idence of thi s  is the presence of As ian Carp l arvae i n  the Spoon and 
M ackinaw R ivers, sam pled very near to their confluences, however, no l arval As ian Carp are 
found in e ither the Sangamon R iver (sampled 3 3  km from its confluence) , or Salt Creek, a 
tri butary of  the Sangamon R iver. 
Many m idwestem large r ivers have b een stud ied regarding fish ear ly  l i fe  stages (e .g .  
Csoboth and Garvey 2008 ;  Brown and Coon 1 994 ;  Nannin i  et a l . 20 1 2 ; Gal l ager and Conner 
1 98 3 ;  Reeves and Galat 20 1 0) ,  however, thi s  study becomes espec ia l ly  rel evant given the 
d i st inct l ack of stud ies  focusing on l arval fish  assem blages in  Ill i no i s  R iver tri butar ies .  The 
establ i shment of invasive p lanktivorous  As ian Carp, shown to impact native p lankton 
communit ies  fo l lowing establ ishment (Sass et a l . 20 1 4) may affect the prey base for ear ly l i fe 
stages of  fish,  nearly a l l  of which rel y  on p lankton at some l i fe  stage for nourishment 
(Dettmers et al. 200 1 ;  Welker et a l .  1 994 ) . Thi s  study becomes important to quant ify existing 
tri b utary use by  larval fi sh and prov ide usefu l  infonnation on larval production in tri butaries 
of the Il l ino i s  R iver. Further examinat ion is necessary to e luc idate changes i n  l arval  fish 
production over t ime, and compare nutritional avai l ab i l ity and driv ing abi ot ic  factors 
influencing ear ly l i fe stages of fish, however, th is  study documents exi st ing larval fish  
assemb lages in  Il l ino i s  R iver tri butar ies .  
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Tabl e  2 .  1 .  Pa irw i se d i scharge Pearson correlat ion stat i st ics between the M ackinaw R iver, 
Salt Creek, S angamon R iver, and Spoon R iver. B o lded entr ies i nd icate s i gn i ficance 
according  to Bonferron i  corrections  for m ul t ip l e  comparisons (p = 0 .0516 = p = 0 . 008) .  
Mackinaw 
Sal t  Creek 
S angamon 
S poon 
M ackinaw Sal t  Creek Sangamon S poon 
r20029 = 0.44 r20029 = 0.38 r20029 = 0.45 
r202s1 = 0.84 r20249 = 0.57 
r20249 = 0.42 
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Tabl e  2 .  2 .  Larval fi sh total catch us ing boat-mounted conica l  cy l indr ica l  i chthyoplankton net 
i n  the M ackinaw River, Salt Creek, Sangamon R iver, and Spoon R iver dur ing 20 1 4 . 
Mackinaw Salt Creek Sangamon Spoon Total 
Atheri n idae 1 
Catostomidae 5 32  29  1 3  79  
Centrarch idae 23 2 4 3 0  
C l upe idae 1 09 4 54 24 1 9 1  
Cypr in idae 5 8  3 3  44 2488  2623  
Hypoph. spp .  25 2 3 62 23 8 7  
W ithout Hypoph. 3 3  3 3  44 1 26 236  
Icta lur idae 
Lepi soste i dae 2 
Moron i dae 52 5 3  
Percidae l 3 4 
Sc ian idae 3 3 
Unknown 1 2 2 6 
Total Count 20 1 74 1 87 2 5 3 1 2993  
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Tabl e  2 .  3 .  Average percent fami l y  compos it ion ( % total) of larval fish exclud ing Asian Carp 
species  us ing  boat-mounted conical  cyl indr ical i chthyoplankton net in the Mackinaw River, 
Salt Creek, Sangamon River, and Spoon R iver dur ing 20 1 4 .  
Mackinaw Salt Creek Sangamon S poon Total 
Atherin idae 0 . 1 7  0 0 0 0 . 1 7  
Catosto m idae 0 . 8 3  5 .2 8  4 .78  2 . 1 5  1 3 .04 
Centrarch idae 3 . 8 0  0 . 3 3  0 . 1 7  0 . 66  4 . 9 5  
C lupe idae 1 8 .00  0 . 66  8 . 9 1 3 . 96  3 1 . 5 2  
Cypr in idae 5 .4 5  5 .45  7 . 26  20 . 79 3 8 . 94 
lctalur idae 0 0 0 . 1 7  0 0 . 1 7  
Lepi sosteidae 0 0 0 . 1 7  0 . 1 7  0 . 3 3  
M oronidae 0 0 . 1 7  8 . 5 8  0 8 . 7 5  
Perci dae 0 . 1 7  0 0 . 5 0  0 0 . 66  
Sci an idae 0 . 5 0  0 0 0 0 . 5 0  
U nknown 0 . 1 7  0 . 3 3  0 . 3 3  0 . 1 7  1.00 
Total 29 . 04 1 2 .2 1 3 0 . 8 6  27 . 89  1 00 
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Table  2 .  4 .  T-test stat ist ics for larval fi sh dens ity compari sons between main  channe l  and 
channe l  border habitats for H ypophthalmi chthys, cypr in ids, catostomids ,  moronids, 
centrarchids ,  and c lupe ids  sampled  Salt Creek, Sangamon R iver, S poon R iver, and 
M ackinaw River  combined  dur ing 20 1 4 .  
T 
Num.  Den . 
p value DF DF 
Hypophthalmichthys 0 . 04 1 1 8 1  0 . 8 3 9  
Catostom idae 0 .45 7 1 8 1  0 . 5 00 
Cypri n idae 2 .277  1 8 1  0 . 1 3 3  
w/o Hypoph. spp .  
Moronidae 1. 5 1 8 1 0 .222 
Centrarch idae 0 .777  1 8 1  0 . 3 79 
C l upe i dae 1.6 1  1 8 1  0 .206 
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Table  2 .  5 .  Pairw i se Ko lmogorov-Smirnov test stat i st ics for s ize structure comparisons of 
Hypophthalmichthys spp . ,  cypr in ids ,  catostomids ,  and c lupe ids between May, June, and Ju ly  
samp led dur ing  20 1 4 . B o l ded entr ies  ind icate s ign i ficance according to  Bonferron i  
correct ions  for mu lt i p l e  comparisons (p = 0 . 0513 = p = 0 .0 1 7) .  
May J une J u ly 
Hypophthalmichthys 
M ay 
June D = 0.880 
J u l y  
Cypr i n idae 
May D =  0.683 D = 0.670 
June D = 0.373 
J u ly 
Catosto m idae 
May D = 0.769 D = 0.726 
J une D = 0.875 
Ju ly  
C l up e i dae 
May D =  0.900 D =  0.900 
J une D =  0.675 
Ju ly  
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F i gure 2 .  l. M ap of tri butar ies and s ites with in  Ill i no i s  River system 
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F igure 2 .  2 .  Mean (±SE)  secch i depth cm (top) ,  surface water temperature °C (m idd le ) ,  and 
flow m · s- 1  (bottom) from the Mackinaw River (so l i d  l ines,  fi l led  c i rc les ) ,  Salt  Creek (dash­
dot  l ines ,  open c i rc les ) ,  Sangamon River (dashed l ine,  fi l led  tri angles) ,  and S poon River 
(dotted l ines ,  open tri ang les )  dur ing 20 1 4 . 
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c i rc les) ,  Sa lt Creek ( dash-dot l i nes,  open c i rc les) ,  Sangamon R iver ( dashed l ine, fi l led 
tri angles) ,  and Spoon R iver (dotted l ines ,  open tri angles)  dur ing 20 1 4 . 
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Hypophthalmichthys spp . ) ,  Hypophthalmichthys spp . ,  catostomids ,  centrarch ids ,  c lupe ids ,  
and moroni d s  co l lected in from the Mackinaw R iver ( so l i d  l i nes,  fi l l e d  c i rc les) ,  Salt Creek 
(dash-dot l ines ,  open c i rc les ) ,  Sangamon R iver ( dashed l i ne, fi l led  tri angles) ,  and Spoon 
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F i gure 2 .  7 .  Nonmetri c  d imens ional  scal ing p l ot for average densi ty of l arval fish fami lies 
exc lud ing  As ian Carp species samp led  from the Mackinaw R iver (fi l l ed  c irc les) ,  Sa lt Creek 
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CONCLUSION S :  PROBLEMS,  IMPLICATIONS ,  AND F UTURE RESEARCH 
By studying the tri butar ies  of  l arge floodpl ain  rivers, we can expand the current 
knowledge base of these systems .  Large rivers and the i nvasive spec ies  w ithi n  are the focus 
of extens ive research (Chick and Pegg 200 1 ;  Degrandchamp et al. 2008 ;  Irons et a l . 2007 ;  
Sam pson e t  a l .  2009 ;  Stuck e t  a l .  20 1 5 ) ,  however, associated tributar ies remain l argel y  
neglected .  Regulat ing the spread of invasive spec ies  i s  important, espec ial l y  halt ing thei r  
progress into the  Great Lakes, where species  such as  Asian Carp woul d  cause great 
ecol og ica l  and economic harm (Kolar et a l .  2005 ) .  However, s ign ificant problems ari se when 
studying any organ i sm ,  and I wil l  attempt to broach and remedy some issues assoc iated with 
th i s  study. 
The b i ggest problem associated w ith thi s  study is the l ack of 0-2 age ind iv iduals in  
the  samp l e .  Many Asian Carp stud ies  report a l ack of these ind iv iduals as we l l ,  presenting 
gear b i as ,  evas ion,  and abso lute absence as the causes ( Iron s  et a l . 2 0 1 1  ) . I attempted to 
breach th i s  dearth by us ing  mult ip le  gears ( ichthyopl ankton pushes and e lectrofish ing) to 
sample  m u lt ip l e  l i fe stages, however, I was unsuccessful in samp l ing ind iv idual s  between 40-
400 mm.  Thi s  s ize gap represents i nd iv idua ls  age 0-2, absent from my sample .  M ore 
exhaust ive  pass ive  nett ing s urveys, seines, or d i e l  strategies may improve chances of 
encounter for 0-2 age fi sh ( Irons et  a l .  20 1 1 ) ,  however, these strategies are often lacking in 
l arge r iver  management. Add it ional l y, N i co et a l. (2005)  reports ear ly  l i fe stages of As ian 
Carps inhabit ing shal low vegetated backwater habitats, areas typ ica l ly not inc luded in l arge 
r iver mon itor ing efforts .  S uccessful recruitment of these size and age c lasses to gears w i l l  
he lp  amel iorate incomp lete growth and morta l ity estimates, a s  well as  provide  more accurate 
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demograph ic  informat ion ,  improving current management strategies .  Poor recru itment to 
current samp l ing methods requ ires the development or improvement of gears and samp l ing 
strategies to successfu l l y  sample  for these m i ss ing l ife stages. 
Another weakness of thi s  study  was in the des ign of l arval fish monitoring .  I sampled 
l arval fish us ing a boat-mounted act ive gear dur ing the dayt ime, effective on ly when s ites 
were access i b le and I was act ive ly sampl ing. Thi s  means d i e l  patterns, temporal fluctuations,  
and shal low water stages were incompl etel y  sampled in thi s  study. Ear ly l i fe  stages of As ian 
Carp have been noted to b e  nocturnal l y  col lected (Deters et a l . 20 1 2) ,  a characteri st ic  absent 
from cons iderat ion in thi s  study.  Add i t ionally, the act ive nature of my desi gn coupled  w ith 
low res idence t imes of  tri butaries,  made i t  l ikel y  passive ly dr ifting l arvae were i ncompl ete ly 
sampled .  For example ,  l arval and j uven i l e  As ian Carp sampled  were al l  post-gas b ladder 
emergent, mean ing these ind iv iduals  were free swimming l arvae act ive ly  se lecting habi tats .  
Boat access a l so  became probl emat ic i n  thi s  study, espec ial l y  g iven the flashy nature of our 
sample  rivers. Pass ive gears coul d  address  some of  the i ssues w ith thi s  study, a l lowing longer 
samples  during less  i deal condit ions .  More compl ete samp l ing desi gn woul d  i ncrease sample  
s ize ,  further i ncreasing the  rel iab i l ity of community assessment and chances of l arval As ian 
Carp encounter .  
Future studies  of l arval fi sh communit ies  and As ian Carp populat ions in tributar ies of 
l arge r ivers should address movement, and habitat use and a lterat ion by As ian Carp. 
Informat ion on movement and habitat use of mult ip le  l i fe  stages of As ian Carp woul d  no 
doubt compl iment not onl y  thi s  study, but the current knowl edge base regarding the ir  habits .  
Informat ion regarding seasonal movements of As ian Carp exists (DeGrandchamp 2008) ,  but 
seasonal hab itat use, including main channel-extra channe l  exchanges wou ld  e l uc idate 
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tem poral m ovements . I n  thi s  study we aim to quant i fy the abundance of l arval As ian Carp i n  
l arva l  fish communit ies ,  however assess ing impacts of h igh abundances of p lankt ivorous 
As ian Carp i n  these hab itats and the ir  effects on p l ankton-dependent organi sms  woul d  prove 
usefu l  in determin ing the i r  impacts on un invaded systems.  As ian Carp in the main channe l  of 
the I l l i no i s  R iver have been shown to impact nat ive zooplankton communit ies ,  and thi s  
undoubted ly affects organ i sm s  feed ing at these trophi c  levels (Sass  e t  a l .  20 1 4) .  Thi s  
informat ion woul d  reveal ins ight to managers regarding habitat use  and influence, spawning 
locations, and refuge areas as locat ions to compl iment and target management. 
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APPENDIX:  S upplementary Informat ion 
Tabl e  1 .  Study s ite names  and r iver k i lometers ( from confluence with main r iver) for study 
s ites samp led  for adu lt A si an Carp us ing pu l sed-DC e lectrofish ing on the Kankakee, 
Mackinaw, S poon, and S angamon R ivers and Salt Creek dur ing 20 1 3 -20 1 4 . 
River S ite Latitude Longitude River k i l ometer 
Kankakee K l  4 1 . 3 5549  - 88 .20708 1 1 . 90  
Kankakee K3 4 1 .23 1 1 4  - 8 8 . 1 5 724 1 . 1 7  
Sangamon S G I  3 9 . 82933  - 8 8 . 96075 236 . 54  
Sangamon SG3 40 .064 8 3 3  - 90 . 1 5 1 3 89 3 4 . 5 5  
Spoon S P l  40 . 7 1 3 8 8 9  -90 .26675 1 1 4 .90  
S poon SP3 40 . 3079 1 7  -90 . 0 8 1 52 8  1. 8 
M ackinaw M l  40 . 569972 -89 . 3 1 8778  82 . 1 7  
Mackinaw M 3  40 . 545 8 3 3  - 89 . 72963 9 0 . 99  
Sal t  C reek S C R l 40 . 1 3 8 84  - 8 8 . 8 8 793  1 3 9 . 94 
Salt  Creek SCR3 40 . 1 3 3 5 2  - 89 . 73 5608  1 1 . 3 1  
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Table  2 .  Stages of Chinese m aj or carps gonadal development for female and male ind iv iduals  
accord ing  to Li  and Matth ias (1 994) .  
Descript ion 
Female 
Transparent, undeve loped b lood vessel s  
Semi -transparent, white, eggs hard to d i st ingu i sh 
Ovar ies w ide,  green-gray, branched b lood vessel s ,  
v i s ib le  eggs, overwintering stage 
Ovaries sac-l i ke, green-gray, ful ly suppl ied  with b l ood 
vessels ,  eggs p l um p  and separabl e  
S pawning female .  Eggs flowing freel y  i n  ovari an 
cavi ty, eggs fl owing when abdomen gentl y  pressed 
Post spawn . B lood vessels atrop hy, ovar ies stretched 
and p urpl e-red 
Male 
Transparent, < 1 year of age 
Testes l acel ike and semitransparent, age 2 ind iv idua ls  
Testes rod-shape d  and p i nk-ye l l ow, hol low cavity in  
central l obule ,  reverts to thi s  stage after exudation 
Testes greyish-white w ith wrinkled surface, b lood 
vesse l s  v i s i b le ,  male overwintering stage 
S pawning mal e .  Testes p lump and m i lky-white, m i lt 
fl owing when abdomen gently pressed 
Post spawn . Volume of testes reduced, lobu lar cavity 
conta ins no or few sperms 
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Stage of  
Gonadal 
Development 
F I  
F2  
F3  
F 4  
F 5  
F 6  
M l  
M2  
M 3  
M 4  
M 5  
M 6  
